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ASTRONOMY IN HORACE. 





HARLOW SHAPLEY 


FoR POPULAR ASTRONOMY. 


The most reliable sources of information relating to the 
popular astronomical notions of the Romans are those found in 
Latin literature. The works of Virgil, Ovid, Lucretius, and the 
philosophical writers of the later republic and early empire con- 
tain numerous astronomical allusions, but these are not service- 
able in a consideration of the ideas of the average Roman in 
the realm of natural science, for the conceptions of the masses 
of the people can not well be inferred from those of the more 
learned writers. To ascertain what the ordinary Roman said 
and believed of the celestial bodies, we must turn to one who 
dealt largely with the thoughts of the common people. Sucha 
writer was the poet Horace. 

Horace was a lover of nature, but he was not a scholar. 
From his studies at Athens he tells us that he learned to distin- 
guish right from wrong’; but he ridicules the professional 
student’, who, grown old in books, goes forth dumb as a stat- 
ue and amuses the populace. Probably Horace never studied 
the stars, being content to accept the popular ideas. Since it is 
these common, every day notions that find expression in his 
songs of love and wine, his references to celestial phenomena may 
be taken as an indication of the astronomical knowledge of the 
Roman people of the early empire. Ovid and Virgil had a more 
technical knowledge, and they were more consistent in their 
allusions to astronomy, but no great poet of the ancient or 
modern world has made such allusions more frequently than 
Horace. References are found in all his poetry, but are less 
numerous in the satires and epistles. In his book of Epodes 





(1) Epist. Il 2: Ut possem curvo dignoscere rectum. Some translators render 
“right line from a curved one,’’ making the passage a reference to the study of 
geometry. 

(2) Epist. II 2. 
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every second poem speaks of some attribute of a star or the 
Moon. 

It was several centuries after the time of Horace before 
Astronomia was clearly distinguished from Astrologia. At one 
time the modern distinction was exactly reversed, Astronomia 
being the so-called practical branch of the science, that is, the 
application of heavenly phenomena to the determination of 
human destinies. But during the Augustan Age the real and 
the pseudo-science were not differentiated, although the latter 
was in the ascendency. A study of Horace’s poetry shows that 
his ideas of the physical universe were wholly astrological, 
which, however, was the case to a great extent with all con- 
temporary writers and scholars in Rome. 

The Augustan Age was a period of restlessness, mental dis- 
quietude, and superstition; and the Romans, eager tor revela- 
tions of the future and credulous of the pretended diviners of 
destinies, were the natural prey of astrologers, who, regardless 
of nationality, were known as Chaldeans. The use of the term 
“Chaldean” was probably due not only to the fact that Chaldea 
was the birthplace of astrology, but also to a certain profes- 
sional advantage arising from its suggestion of things foreign 
and mysterious. 

There are reasons for doubting the sincerity of Horace’s 
personal belief in astrology. Its doctrines certainly influenced 
him greatly, but his habitual inconsistency veils the real facts. 
He advises Leuoconoé not to consult the Babylonian charts’, 
and then in a famous ode’ to his best friend, Maecenas, joyfully 
observes that their horoscopes agree in a wonderful manner, 
predicting therefrom that his complaining friend and he would 
would die in the same year (and it happened they did.) ‘Has 
this Sun arisen so disastrous upon me?” is his exclamation 
when he gives up hope of ridding himself of an obnoxious 
admirer*. Again, he tells us that a shock, perhaps an earth- 
quake, occurring on a clear day and sufficient to shake the 
rivers of both the upper and the lower world and rock the 
farthest realms of Atlas, turned him from Epicurean doctrines 
and convinced him that a God reigns’. There are people, 
Horace says, who view untouched with fear the stars, the Sun, 
and the seasons retiring at definite periods’. But the precipi- 





(1) Od. I 11. 
(2) Od. 11 17. 
(3) Sat. I 9. 
(4) Od. I 34. 
(5) Epist. I 6. 
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tate months, the fleeting seasons, and the revolving years, spoken 
of so often by the poet, had a decided influence on his thought 
and contribute time and again a touch of melancholy to his 
writings. 

His poems give no suggestion of the few slight astronomical 
achievements of his own or the preceding century. The Julian 
calendar, an important reform of his time, is not even mention- 
ed. One of the longer odes', however, deals with the spirit of 
Archytas, a reputed astronomer and philosopher of Tarentum, 
whose interests, apparently, were less concerned with astronomy 
than with mathematics and aerial navigation. Archytas had 
constructed of wood a flying dove, but it failed to transport 
him to the home of the gods, and he had to die as other mor- 
tals. “Quicquam tibi prodest, Archytas?” the poet asked. Evi- 
dently scientific investigations did not seriously appeal to 
Horace. He was not interested in the study and explanation of 
natural phenomena. In a letter of clever ridicule’, he charges 
his friend, Iccius, with being intent in the study of exalted 
things, such as the causes of tides, the seasons, eclipses, the 
diurnal motion and phases of the Moon, and the power and 
intent of the jarring harmony of a universe of discordant atoms. 

Horace accepted the Ptolemaic theory of the universe as did 
all Romans. He took a simple poetic view of the Sun’s motion. 
It was ‘under the ocean*®’? when going ‘from its Hesperian 
couch to its risingt’’ while ‘‘night displayed the signs in the 
sky’,” and then, “returning, Phoebus put the stars to flight*.”’ 
The approaching Sun viewed the right side of the hill-range on 
the Sabine farm and when departing in his flying car warmed 
the left’. The pinching cold of winter contracted the Sun’s 
orbit*. 

Horace was a poet of the Moon. She was to him the lustrous 
ornament of the sky—the Queen of the Heavens. More than 
twenty times he gives account of her actions, or describes her. 
He calls her serene and spotless, and the two horned queen of 
the stars’. Some of his observations are unusual. She reminds 


(1) Od. I 28. 
(2) Epist. I 12. 
(3) Od. IV 5. 
(4) Od. IV 15. 
(5) Sat. 1 5. 

(6) Od. III 21. 
(7 Epist. 116. 
(8) Sat. II 6. 
(9) Carm. Saec. 
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him', when her curved light is three days old of his little dun 
steer, perhaps because both had horns. She saw her’, blushing 
and confused, withdraw her beauteous face behind the tall 
monuments when she beheld the foul deeds of the witches on 
Esquilian Mount. The changes of the Moon are noted without 
explanation. Horace advises a country girl to pray at the time 
of new Moon that crops may be good*. He tells the dainty 
Catius that the waxing moons swell the oily shell-fish‘. Diana’s 
shining crescent is propitious to the fruits and speedily rolls on 
the months’. In a despondent mood he moralizes: ‘‘Day fol- 
lows day and new moons wax only to wane again’,”’ but later 
observes that ‘tthe quick-revolving moons repair their wanings 
in the sky’”’—repair in vain, however, for after all there is the 
Thessalian witch who can “call down from heaven the Moon 
and the spell-bound stars.” 

In the time of Horace the constellations and the brighter stars 
had their presentnames. He mentions: Fratres Helenae (Gemini), 
the Hyades, Aquarius, Leo, Orion, Libra, Scorpius, Capricornus, 
Haedus, the Pleiades, the Father of Andromeda (Cepheus), Arctu- 
rus, Procyon, and Sirius. The last he also refers to as Canis and 
Canicula. Of the planets, Jupiter and Saturn are specifically 
mentioned. The gods, in whose honor were named the three 
other planets then known, receive frequent mention, but in no 
‘ase does it seem that the allusion is to the heavenly body. 
Diana, Phoebus, and Castor and Pollux are dealt with in their 
dual forms of deities and celestial objects. 

The Twins naturally were venerated in a city whose greatness 
depended on commerce, for they were the guides of the sailor, 
and their influence rendered a voyage safe. By them breaking 
ships were rescued from the deep. The beating surge fell back 
from the rocks, winds and waves subsided, and clouds vanished 
when these clear-shining stars rose and looked upon the stormy 
sea. Horace prays the Twins to direct the ship bearing Virgil’. 

Stormy Orion, infestus to sailors, was in bad repute among 
the Romans". He rose and set with storms, and kept up con- 





(1) Od. 1V 2. 

(2) Sat. 1 8. 

(3) Od. III 23. 

(4) Sat. II 4. 

(5) Od. IV 6. 

(6) Od. 1118. 

(7) Od. 1V 7. 

(8) Epist. 5. 

(9) Od. III 29; Od. IV 8; Od. 112; Od. 13. 
(10) Od. I 28; Ep.10; Ep. 15; Od. III 27. 
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stant turmoil in the wintry waves. Galatea is warned upon 
her going to sea of the ill-omened position of Orion. Tristis is 
an attribute of Orion, and of the Hyades as well. The Hyades, 


in the ascendant during the season of rains, were sad, mournful 
and weeping’. 


A malign influence accompanied the setting of Arcturus and 
the rising of the Kid*. The drouthy season was preluded by 
the raging Procyon and attended by the furious Lion and 
Cepheus whose fire had long been hidden*. Aquarius was the 
herald of approaching winter. When he had saddened the 
changed year, the frugal ant began to live upon his stores‘. The 
baleful Saturn, intent on injury to Maecenas, was prevented 
therefrom by the brighter planet Jupiter whose benificent rays 
dispelled the fever that afflicted the great Roman minister’. 
Horace, referring to his own horoscope, suggested that perhaps 
the tyrant Capricornus reigned in the western sea when he was 
born, or that it may have been a neighboring sign, Libra, or 
the inauspicious Scorpion’. 

The infamous one was Canicula, the dog star’. It was as 
ill-omened to the farmer as Orion to the sailor. Horace con- 
sidered it guilty of the failures of truit and grain on the Sabine 
farm. In seven different poems he speaks abusively of it, and 
many times more holds it responsible indirectly for various 
misfortunes. Pestilence and the Apulian drouths were attended 
by its appearance; it withered the herd and blighted the vine. 
Its impious rays split the mute statues of the forum. To com- 
pare a Roinan with the Dog Star was the height of insult. 

Laws Observatory, 
University of Missouri. 


(1) Od. 13. 

(2) Od. III 1. 

(3) Od. III 29; Epist. I 10. 

(4) Sat. I 1. 

(5) Od. II 17. 

(6) Ibid. 

(7) Od. I 17; 11 5; 11118; Ep. 1; Sat. 1.7; 115; Epist. 110. 











Revelation of the Atmosphere of the Sun 





ON THE PROGRESSIVE REVELATION OF THE 
ENTIRE ATMOSPHERE OF 
THE SUN,* 


H. DESLANDRES 


This lecture is devoted to the solar atmosphere and its success- 
ive layers of vapors,a problem I have been studying since 1891, 
so tar as the rather feeble means at my disposal has allowed. 
The solar atmosphere is, as you know, much more complex and 
extensive than our own, and it raises a great many problems 
which are not yet solved or are incompletely solved. This atmos- 
phere was revealed formerly at the exterior limb of the Sun 
only in the very short intervals of totality in the total eclipses; 
but it is necessary for complete knowledge to study it, not only 
in eclipses but daily, not only at the exterior limb, but in the 
whole half-sphere turned towards the Earth, and to be able to 
study not only the gaseous part of the atmosphere which gives 
a discontinuous spectrum, but the part of the continuous 
spectrum formed by the particles. Actually, in fact, we can 
observe daily only the gases of the inferior solar atmosphere, 
called the chromosphere'; the corona or superior atmosphere, 
principally formed by particles, is as yet beyond the reach of 
our instruments. 

In the last eclipse of 1905, I obtained an image of the chromo- 
sphere and prominences formed only by the light of the parti- 
cles, and since then I have tried fo obtain similar images daily 
and with some success. But it is only an attempt’, and to-day 
I wish to speak to you exclusively of the images of the gaseous 
chromosphere and of some recent results. 

The conquest of the entire chromosphere by means of observa- 
tion not during eclipses has been progressive and presents suc- 
cessive stages. The first stage is due to Lockyer and Janssen, 
who showed in 1868 how the spectroscope may reveal to us 





* The Observatory, July, 1909. The substance of this was given as an ad- 
dress before the Royal Astronomical Society, June 11, 1909. 

(1) Inthese conditions our knowledge of the chromosphere is insufhicent ; 
that appears clearly when you consider what would be the view of our sky 
if it was possible to see only the gases and not the particles. 

(2) Comptes Rendus, 1906, t. exlii. pp. 641, 817, and 1009; 1907, t. exliv. 
p. 229. 
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daily the chromosphere and the prominences at the exterior 
limb of the Sun. 

The part of the chromosphere exterior to the limb is very 
interesting; but the interior part projected on the disk has at 
least equal importance, the surface in projection being fifty times 
greater; and from 1891 I have sought after this chromosphere 
on the disk, and, to my knowledge, I was the first to indicate 
the means of obtaning it, which I did in a short note presented 
to the Academy of Paris on February 8, 1892, entitled ‘‘New Re- 
searches on the Solar Atmosphere’’!. I announced that above 
the faculae the large rays H and K were reversed and even 
doubly reversed, and had three components called now Ki, Ko, 
Ks. I presented the bright ray K» as revealing the atmospheric 
vapors in the half-sphere turned towards the Earth. These 
results were obtained with the ordinary spectrograph; but in 
the same note I recommend the use of two recording apparatus, 
already described in a preceding note—the spectroheliograph, 
whose principle had been known for a long time, for the 
forms of the vapors; and another automatic spectrograph, now 
called the spectro-register of the velocities, which places in 
juxtaposition the spectra of multiple successive sections on the 
disk and gives the radial velocities and details of the ray. 

At the same time, in the February number of Astronomy and 
Astro-Physics, Professor Hale announced an analogous result. 
The spectroheliograph that he had just constructed for the 
prominences of the limb, applied to the disk with the bright ray 
Ky, gives the bright regions of the faculae. This result is at cer- 
tain points of view superior, but Professor Hale has presented it 
as a phenomenon of the surface. The bright vapors, for him, are 
below the surface. 

A long discussion arose between us, in 1893 and 1894, about 
the exact position of the vapors’. Fortunately the simple 
ordinary spectrograph enables us to solve the question, if you 
look well at the spectrum. The deeisive proof is furnished by 
the two following facts :-- 


1. At the limb of the Sun the two brilliant components of K» 
outside exactly prolong the two brilliant rays of the inside. 
The brilliant exterior vapors which represent the chromo- 
sphere by definition and the interior vapors are the same. 
(1) Comptes Rendus, 1891, t. cxili. p. 307; 1892, t. cxiv. pp. 276, 578, 

t. cxv. p. 222; 1893, t. cxvi. p. 238. 
(2) Comptes Rendus, 1893, t. exvii. pp. 716, 1053; 1894, t. cxviii. pp. 842; 
1312; Memorie degli Spettroscopisti italiani, December, 1894. 
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2. The double ray K2 is bright, not only on the faculae, but 
on all the points of the disk;' it is only weaker and more 
difficult to see. Near the limb the two bright components 
are relatively stronger and separated bya greater distance. 





Therefore these first images with the bright ray K» alone rep- 
resent a brilliant layer of calcium of the entire chromosphere, 
and this layer must attain a notable height above the surface, 
because at the exterior limb the ray Ky remains double ata 
notable distance from this limb. 

Fortunately it was possible to go further. Given the preced- 
ing order of ideas, 1 wondered if it was possible to obtain the 
image of other vapors even placed at different levels, and I re- 
marked that it was sufficient to isolate with the spectrohelio- 
graph the other rays of the solar spectrum, which are not 
bright but black. 

According to Kirchhoff, every vapor absorbs the radiation 
which it emits and tends to substitute its proper intensity for 
this radiation for the intensity of the ground which emits a 
continuous spectrum. Therefore the image of the spectrohelio- 
graph with this radiation is the image of the vapor itself or an 
image very near it. This remark opens a new and extremely 
vast field of researches, because the black rays are 20,000 in 
number. 

I applied this new idea in 1894 to the black and large ray 
Ki, and to the largest neighboring black rays of iron, alumini- 
um, and carbon, with the small spectroheliograph, of feeble dis- 
persion then at my disposal’. The resulting images differ from 
the images Ky and correspond to lower layers, to the reversing 
layer, which is so revealed for the first time other than at a 
solar eclipse. This result seems to be the third stage in the con- 
quest of the chromosphere. 

At the same time I called attention to the three components of 
the ray K, Ki, Ky, Ks, which reveal three successive distinct layers 
of the same vapor and correspond to the low, middle, and high 
levels of the chromosphere. The low and middle layers were ob- 
tained with the components K, and ky, and it was possible to 
specity their characters and differences. The image kK; is inter- 
mediate between the image of the surface and the image K; ; 





(1) The surface, and probably also the chromosphere, is formed by very 
small bright grains ona less bright ground. It is possible that the bright ray 
K; is emitted only by the grains, but our actual instruments are not powerful 
enough to decide on this point. 


(2) Comptes Rendus, 1894, t. cxix. p. 148. 
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it presents the spots with their umbra and penumbra, and the 
facular regions are as bright at the center as at the edges and 
are a little larger than the faculae of the disk. With the image 
Kk» the spots disappear partially or even totally, being hidden by 
the extension of the bright tacular regions, which are notably 
larger than in the image Ki'. 

The highest layer, the layer of the thin black ray Ks, is pre- 
sented as specially interesting, but as requiring a great disper- 
sion and a great apparatus, and it is also the case with most 
of the rays of the solar spectrum, which are generally thin. 

This work of 1894, made with a weak dispersion, was the 
first on the black rays which assign to the spectroheliograph its 
principal applications. But if we go back to the above consid- 
erations, the spectroheliograph could have been applied to these 
rays immediately after the discovery of Kirchhoff in 1864, be- 
fore the-discovery of the prominences at the limb in 18687. 
Nevertheless, its utility was conceived only thirty vears later, 
after the results on the exceptional bright rays H, and Ky: at the 
limb and on the disk. That shows once more the imperfection 
of the human mind. 

The question was taken up again by Hale in 1903 at the 
Yerkes Observatory, and later at the Mount Wilson, where he 
constructed several powerful apparatus. He has obtained 
magnificent monochromatic images and extremely valuable 
results. Lastly, the French Government has recently (in 1907) 
given to the Meudon Observatory the necessary subsidies that 
I might design a large spectroheliograph to reveal the superior 
layers of the chromosphere by the aid of the light of calcium 
and hydrogen. 

I first constructed at Meudon a great hall to contain a large 
instrument to work in conjunction with a siderostat or heliostat, 
which reflects the solar beam ina horizontal direction. In the 
former installation at Meudon the hall was small, and the sider- 
ostat then at command was polar. It was not possible to 
modity existing instruments so as to have a great apparatus 
fit for the variable necessities of the experiment. 

The new spectroheliograph implies four different dispositions, 





(1) This extension of the facular regions in the layer K2 is also easily shown 
by the ordinary spectrograph. 

(2) One may refer to the small sensitiveness of the plates in use at that 
time. It is possible to get interesting results with wet collodion if the size of 
the image is diminished and if, for example, the entire black ray H or K is 
isolated. 
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which correspond to different cases and can be rapidly inter- 
changed'; it has two or three slits, a grating or a train of three 
prisms, cameras three or seven meters long. The movements, 
which are effected with synchronous electric motors and special 
transformers of velocities, are independent of distance. All the 
modifications are very easy, and the apparatus presents itself as 
offering a general solution of the spectroheliograph. 

The first researches were made last year, with the help of 
d’Azambuja, on the black ray Ks, not yet isolated. The disposi- 
tion employed was the most powerful with three slits, cameras 
ot seven meters, and often with very thin slits traced on silvered 
glass; it gives a monochromatic image which ordinarily is small 
(only four centimeters large). But it enables us to isolate ex- 
actly the ray Ks; or one of the two bright components ot Ko, 
and so to have the images of Ki, Ke, Ks very pure and free from 
every foreign light. The preceding images of Ke were in facta 
mixture of the two components of K» and Ks, and could only be 
called an image of Ko, because the layer Ks is notably less bright 
than the other. If the surface be added to the three calcium 
images we thus have four successive layers of the entire Sun. 
The resuit of the comparison is the following? :— 

The spots which are the principal character of the surface pro- 
gressively diminish from the surface; they disappear in the layer 
Ks, or are notably less large and black. 

The facular regions, on the other hand, remain bright and 
progressively increase in width. 

Besides this, on the new layer Ks new details appear; it shows 
black lines, called by us flaments, often very long, more or less 
large and curved, generally with sharp edges, and also large 
regions less bright than the ground and with uncertain limits’. 

The filaments, like the spots, remain at the same place during 
several rotations, and are the seat of special disturbances; they 
seem to have in the superior chromosphere the same importance 
as spots in the surface and low atmosphere. Generally the fila- 

(1) Comptes Rendus, 1906, t. cxliii. p. 1210; Bulletin Astronomique, 1907, 
pp. 433-444; Comptes Rendus, 1909, t. exlviii. p. 968. 

(2) Comptes Rendus, 1908, t. cxlvii. pp. 334, 467, 1016. 

(3) Sometimes the principal filaments of K; appear also on the pure images 
of Ky (which, besides, have often a special net of alignments) and on the ordi- 
nary images of Kg, called by us Ky3, because they are a mixture of Ky and Ks. 
Hale has pointed out a few filaments, called by him long black flocculi, and 
found on his images K2;. I have given the list of the principal filaments which 
appear from 1893 on my images Ky3. 
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ments are prolonged on every side by similar lines called align- 
ments, less black, neat, and continuous, which extend from an 
edge of the Sun to the opposite edge; and as the alignments can 
be followed often several days, it may be thought that they 
form aclosed ring inthe atmosphere. Some other alignments, 
not connected with a filament, are also visible on the same 
image. Upon the whole the filaments and alignments form a 
special net, which is the principal character of the upper layer 
of calcium. 

This year the research was continued with the help of d’Azam- 
buja and extended to the upper layer of hydrogen, with the 
black ray Ha of the red, the two images being greater than the 
preceding and attaining eight centimeters’. 

The first images of hydrogen with He were obtained in 1908 
by Hale; but the conditions were different. Hale has isolated 
the whole ray, and sometimes also a part of the bright edges. 
At Meudon, where the dispersion of the spectroheliograph given 
by a grating is larger, we isolated separately the center and the 
edges, and we found the curious result that the two images are 
different. The image of the center gives only some black fila- 
ments and bright regions; the image of the edges gives only the 
black flocculi, the black facular regions, which are the reverse 
of those of calcium, and are presented by Hale, since 1903, asa 
character of the hydrogen images. 

Besides this, the edge of the ray was examined carefully with 
a spectro-register; we remarked that it is sinuous over the 
whole disk, and even that the enlargements of Ha coincide gen- 
erally with the increase of brightness of Ko, and then with the 
bright calcium flocculi. This coincidence explains, therefore, at 
least for a large part, the reversal of the intensities in the 
images of the calcium and hydrogen. The cause of the anomaly 
appears to be a primordial defect of the spectroheliograph which, 
with a slit having a constant width, cannot isolate exactly a 
ray of a variable width. It is only able to retain the image of 
the center of the ray, and, being rid of the multiple details 
which originate in the edge, it is much simpler than the Ameti- 
can images. This image, which represents the superior layer of 
hydrogen, has been compared usefully to the corresponding 
layer of the calcium ray Ks. 

The same black filaments appear in the two images, but less 
long and continuous in Ha, the edges of the filaments being per- 





(1) Comptes Rendus, 1909, t. cxlviii. pp. 1011, 1235. 
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haps sharper in Ha. Some alignments of K; are also visible on 
Ha, but with difficulty. The bright regions are less numerous 
and extended in Ha and correspond to the brightest parts of the 
bright facular regions of Ks. All the details are generally paler 
and less apparent on Ha, so that the general aspect of the hy- 
drogen images is similar to that of the surface, the principal 
difference being the substitution of black lines for the black 
points of the spots. 

Some small lines appear often with the hydrogen around the 
spot, similar to the elongated grains which surround the spot on 
the surface; they have sometimes the general aspect of a vortex, 
but mostly they give only the impression of a liquid in motion 
near a hole. Some similar small lines are visible in the neigh- 
borhood of the filaments, the general impression being that of 
a liquid which is moving along a line. 

In conclusion, these first researches have revealed the upper 
chromosphere and its principal features, which are the filaments 
and alignments. A future note will present the first results of 
the experiments made to recognize the true nature and origin of 
these filaments. 

Finally, I remark that these solar studies may be useful in the 
study of terrestrial meteorology, because the layers actually re- 
vealed on the Sun are relatively higher and better recorded than 
those attained on the Earth. 





DOCTOR EDMOND HALLEY. 





EUGENE PF. McPIKE 


For PoruLAR ASTRONOMY. 


As stated by the late Miss A. M. Clerke, in her admirable 
(and still the best extant) sketch of Halley, in the twenty-fourth 
volume of the ‘Dictionary of Natural Biography,’ several abor- 
tive attempts have been made to write a biography of that 
distinguished astronomer. 

The first memoirs of Halley, prepared after his death, in 1742, 
undoubtedly consisted of the account written by Martin Folkes, 
who succeeded him as a foreign member of the Academy of 
Sciences in Paris. That manuscript was compiled, so it appears, 
tor the use of M. Mairan, the author of the ‘Eloge’ of Halley, 
in which it is mentioned, but the original has not been recov 
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ered. Perhaps, it no longer exists. As toa possible duplicate 
thereof retained by Folkes, we are told that he destroyed several 
manuscripts of his own writings shortly before his death in 
1754 (cf. ‘Dict. Nat. Biog.,’ vol. xix., p. 362). 

The next attempt, likewise modest in its scope, consisted of 
some memoirs of Halley, communicated by his son-in-law, Mr. 
Henry Price, to the editor of the fourth volume of the ‘Bio- 
graphia Britannica,’ published at London, in 1757, but the 
original manuscript has, no doubt, long since been destroyed. 

We learn, in turn, of what seems to have been a mote deliber- 
ate and systematic endeavor to prepare a biography of Halley, 
tor in the library of Radcliffe Observatory, Oxford, is said to be 
preserved a manuscript, the authorship of which was ascribed 
to the Rev. Israel Lyons (1739-1775) but which, according to 
Professor S. P. Rigaud, must belong to an earlier epoch (cf. 
Memoirs of the Roval Astronomical Society, vol. ix., p. 206, 
note). 

We do know, however, that the Rev. Israel Lyons collected a 
large amount of material, with the idea of publishing an edition 
of Halley’s miscellaneous works. His extensive notes therefor 
were deposited at Cambridge (cf. ‘Dict. Nat. Biog.,’ vol. xxxiv., 
p. 358). His death, in 1775, interrupted the plan. 

The first serious attempt to write a complete ‘Life’ of Halley, 
from a modern, scientific standpvint, was made by Professor 
S. P. Rigaud (1774-1839), who was peculiarly fitted for the 
task and in full sympathy with the subject. Death again 
stopped the work but the Rigaud papers deposited, in 1839, in 
the Bodleian library, Oxford, were well bound and calendared. 
An account thereof appears in the Monthly Notices of the Royal 
Astronomical Society for 1875-76 (vol. xxxvi., page 54) and 
a list, compiled by Ralph Jermy Beevor, M. A., was printed in 
the Smithsonian Miscellaneous Collections, quarterly issue, vol. 
xlviii., pp. 229-231 (‘Notes,’ Sept. 8, 1905). 

About 1880, Professor Pritchard undertook the work (cf. 
Journal of Science, London, vol. xvii., p. 91; and Nature, 
London, vol. xxi., p. 303), but that project was abandoned. 
In 1887, it was again discussed by the Delegates of the Claren- 
don Press, Oxford, with the late Miss A. M. Clerke (cf. Notes 
and Queries, London, ninth series, vol. xii., p. 464) who, how- 
ever, finally decided to confine her work to the preparation of 
the sketch above mentioned, for the ‘Dictionary of National 
Biography.’ 

The printed literature of Halley, works by and about him, is 
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very extensive but not inaccessible. Several bibliographies have 
been published (cf Notes and Queries, London, tenth series, vol. 
iv.,p. 526). A list of certain ‘Halleiana Inedita’ appeared in the 
Observatory (Greenwich) for March, 1906, vol. xxix., pp. 137- 
138, and a diligent search would, doubtless, result in the re- 
covery of some new facts (cf. Notes and Queries, London, tenth 
series, vol. vii., p. 8). 

It is, indeed, a great pleasure to know that the subject is now 
being approached again by an English astronomer. Let us hope 
that he will have as much of opportunity and of leisure as he 
certainly possesses of all other qualifications to bring the task 
to a happy conclusion. 

In the meantime, owing to the return of Halley’s comet to 
perihelion, early in 1910, some readers, without wishing to 
exhaust the subject (which ‘no one, and certainly not the pres- 
ent writer,can pretend to have done) may desire to know a 
little more about ‘‘the second most iJlustrious of Anglo-Saxon 
philosophers” (cf. Natue, London, vol. xxi., p. 303, col. 2). 
For them, theretore, the condensed reference-list following (ar- 
ranged in chronological order) is submitted. 





® I, ANCESTRY. 
The Genealogist (London), New series, vol. xxv., part 1, pp. 5-14 (July, 1908). 
Magazine of History (New York) vol. viii., pp. 293-296 (November, 1908), 
et seq. 
Il. Earty LIFE. 
Aubrey’s ‘Brief Lives,’ (ed. Clark), vol. I., pp. 282-283; Oxford, 1898. 
‘Biographia Britannica,’ vol. iv., p. 2494; London, 1757. 


III. First ACHIEVEMENTS. 
‘Biographia Britannica,’ vol. iv., pp. 2494-2495; London, 1757. 
‘Correspondence of Scientific Men,’ (ed. S. P. and S. J. Rigaud), vol. L, pp. 236, 
287, 242; Oxford, 1841. 
IV. EXPEDITION TO SAINT HELENA. 
‘Biographia Britannica,’ vol. iv., pp. 2495-2496; London, 1757. 
Journal of Science (London) vol. xvii., pp. 92-93. 
Nature (London), vol. xxi., pp. 303-304. 


V. Visir TO HEVELIus aT DANTZIG. 
‘Biographia Britannica,’ vol. iv., pp. 2497-2498; London, 1757. 
VI. “THE GRAND Tour.” 
Aubrey’s ‘Brief Lives,’ (ed. Clark), vol. I., pp. 282-283; Oxford, 1898. 
‘Biographia Britannica,’ vol. iv., pp. 2499-2500; London, 1757. 


VII. CONNECTION WITH NEWTON'S ‘PRINCIPIA.’ 
‘An Essay of Newton’s ‘‘Principia,’”’’ (W. W. R. Ball); London, 1893. 
Brewster's ‘Life of Newton,’ (ed. 1855); see index. 
‘Catalogue of the Portsmouth Collection;’ Cambridge, 1888. 
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Rigaud’s ‘Historical Essay on the first publication of ......... Newton's 
“Principia,” ’ Oxford, 1838. 
VIII. At THE Mint, CHESTER. 
Brewster’s ‘Life of Newton,’ (ed. 1855), (see index). 


‘Catalogue of the Portsmouth Collection;’ Cambridge, 1888; p. 36. 


IX. MAGNETIC RESEARCHES AND Two VOYAGES. 
Dalrymple’s ‘Voyages in the South Atlantic;’ London, 1775. 
Burney’s ‘Chronological History of the Voyages and Discoveries in the South 
Sea,’ vol. iv., pp. 384-387; London, 1816. 
Journal of Science (London), vol. xvii., pp. 95-98. 
Nature(London), for April 27th, 1876, p. 523. 
The Quarterly Review (London), vol. lxvi., pp. 276-277 (Sir John Herschel). 
‘Popular Lectures and Addresses,’ by Sir William Thompson (/ater Lord Kelvin), 
vol. iii., ‘Navigational affairs.’ pp. 268, 270, 271; London, 1891. 
X. Two Missions To VIENNA. 
‘Biographia Britannica,’ vol. iv., p. 2512; London, 1757. 
journal cf Science (London), vol. xvii., pp. 98-99. 
Notes and Queries (London), tenth series, vol. vii, p. 8; (January 5, 1907). 
XI. History oF CoMETs. 
‘Catalogue of Portsmouth Collection,’ p. 36; Cambridge, 1888. 
‘Some Account of Halley’s ‘‘Astronomiw Cometicae Snyopsis’”’; (S. P. Rigaud); 
Oxford, 1835. [Not examined. | 
‘Halley’s Comet,’ (H. H. Turner); Oxford, 1908. 
Smithsonian Miscellaneous Collections, quarterly issue, vol. xlviii., pp. 69-74 
(June 10, 1905). 
XII. AT GREENWICH. 
‘On Dr. Halley’s Instruments at Greenwich’ (5. P. Rigaud); in the Memoirs of 
the Royal Astronomical Society for 1836, vol. ix., pp. 205-227. 
XIII. DEATH AND BURIAL, 
The Genealogist (London), new series, vol. xxv., part 1, pp. 5-14; (July, 1908). 
XIV. WILL AND DESCENDANTS. 
Ibid. 
XV. RELIGIOUS BELIEF AND PERSONAL CHARACTER. 
Brewster’s ‘Life of Newton,’ (ed. 1855), vol. ii, p. 165. 
London and Edinburgh Philosophical Magazine, vol. viii., (1836), pp. 144, 
214, 220, 225. 
‘A Defence of Halley against the charge of... . religious infidelity,’ (S. J. 
Rigaud); Oxford, 1844. [Not examined.] 
‘Halley’s Comet,’ (H. H. Turner), p. 21; Oxford, 1908. 
Notes and Queries (London) ninth series, vol. xii., p. 267. 
Ditto, third series, vol. V., pp. 107-108 (Augustus de Morgan), 1864. 


XVI. PLACE AMONG WorRLD’s GENIUSES. 
Nature (London) vol. xxi., p. 305, col. 2; (1880). 
Notes and Queries (London), ninth series, vol. xii., p. 464. 
XVII. PorTRAITs. 
‘A. L. A. Portrait Catalogue,’ p. 642; Washington. 1906. 
The Genealogist (London), new series, vol. xxv., part 1, page 11. 
XVIII. BIBLIOGRAPHIES. 
‘Dictionary of National Biography,’ vol. xxiv., p. 109. 











412 Venus as the Abode of Life 





Some material for a bibliography of Dr. Edmond Halley,’ (Alexander J. 
Rudolph); in the Bulletin of Bibliography (Boston), vol. iv., part 4; 
July, 1905. 

‘Bibliotheca Britannica,’ (Robert Watt); see vols. 1 and 3; Edinburgh, 1824. 

XIX. MISCELLANEOUS. 

‘A Bibliography of the works of Sir Isaac Newton,’ (George J. Gray), second ed.; 
Cambridge, 1907 (see index). 

The Observatory (Greenwich), vol., xxviii., pp. 141, 256, 321; xxix., 137. 

Popular Astronomy, (Northfield, Minnesota), vol. xiii., pp. 471, 579-580. vol. 
Xiv,, pp. 526-527. 

Notes and Queries (London), ninth series, vol. x., p. 361, et seq. 


1 Park Row, 
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VENUS AS THE ABODE OF LIFE.* 





Fk. W. HENKEL 





Of all the heavenly bodies, the Sun and Moon only excepted, 
there is probably none of more interest to us than this planet. 
Approaching at times to a distance less than that of any other 
star, the great variations in its distance from us cause corres- 
ponding variations in luster. Though many speculations as to 
the possible inhabitants of Mars and their supposed engineering 
works (the so-called ‘‘canals,’’ etc.) have been mooted with 
more or less ingenuity, in our opinion the probabilities in favor 
of the habitability of Venus are vastly greater. This planet, 
says Professor Young, is ‘‘the Earth’s twin sister in magnitude, 
density, and general constitution.” Though its distance from 
the Sun is less than three quarters that of our own Earth (about 
67,000,000 miles), varying only very slightly (its path being 
the most nearly circular of any known planet), and consequent- 
ly any given area of its surface must receive about twice as 
much heat as we receive on an equal area, yet this is probably 
mitigated by the presence of a more extensive atmosphere laden 
with water vapor. From time to time different observers have 
deduced differing periods for the length of its day, but the most 
probable period seems to be about 23% hours, or rather less 
than our own day. Its year (owing, of course, to its greater 
nearness to the Sun and its swifter motion) is only about 225 
days, its speed in its path round the Sun being 23 miles per 





* Knowledge and Scientific News, June, 1909. 
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second. Its diameter is 7,700 miles, whilst that of the Earth is 
about 7,900 miles, so that the planet is slightly smaller, its 
mass (or quantity of matter) is rather over three-quarters that 
of the Earth, and consequently the average density of the 
materials composing it is 86 percent of the terrestrial density. 
A body dropped from a point near its surface would acquire a 
velocity of 27 feet per second at the end of one second, instead 
of 32 feet per second as here, and would move over 131% feet 
during the first second of its motion. Surface markings have 
been seen from time to time upon the planet, more distinctly ob- 
served in Italy and other more favored latitudes than our own. 
On account of its general proximity to the region of the sky in 
which the Sun is found, and its great brilliancy in the telescope, 
Venus is by no means an easy object to scrutinize with satis- 
factory results. 

However, its phases or changes of appearance, like the Moon, 
are easily perceived with very small optical aid, and were amongst 
the first fruits of the invention of the telescope, exactly three 
centuries ago. Galileo, who first discovered that the planet ex- 
hibited the crescent phase and the other appearances presented 
by the Moon, announced his discovery in a curious anagram, 
which being interpreted read (in Latin) ‘‘The Mother of Loves 
(Venus) imitates the phases of Cynthia (the Moon).” The ex- 
planation of these phases is precisely similar to those of the Moon, 
and their appearance wasa strong confirmation of the truth of the 
Copernian theory. Venus being an opaque body is visible only 
by the light which she receives from the Sun and reflects. The 
hemisphere turned towards the Sun is, of course, illuminated, 
the other side in darkness; more or less of the illuminated hemi- 
sphere being turned towards the Earth at different times. 
When the planet lies beyond the Sun, turning towards the 
Earth the whole of its illuminated hemisphere, it is seen (if not 
too close to the Sun’s place in the sky) as a small round disk. 
Figure 1 (4). When at its greatest elongation east or west of 


= 


w\) *1) «QQ 
7o* 60° 
(2) (3) ) 
7) 


(5) 
FIGURE 1.—PHASES OF VENUS. 


1 and 5, near inferior conjunction; 2, at greatest elongation; 3, at gibbous 
phase ; 4, superior conjunction. 
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the Sun, about half the illuminated side is turned towards us 
and the planet is seen like the Moon half full, but owing to its 
greater proximity appears half ot a considerably larger disk 
than before. Figure 1 (2). Near inferior conjunction, i. e., 
where the planet is between Earth and Sun and on the same side 
of it, the planet is seen as a very thin crescent of large size, as 
it is then at its nearest tous. Figure 1 (5). 

The planet is brightest (to us) about 36 days before and after 
inferior conjunction. 

From Figure 2, we may see the great variations in distance 
of this planet from the Earth—least at Viand greatest at Vs. 








E 


FIGURE 2 


S, Sun; V, Venus; E, Earth; Vj, inferior conjunction ; Vo, V4, greatest 
elongations ; V3, superior conjunction. 


Also, since at greatest elongation the angle EV2S is a right 
angle, by observing the angle of elongation SEV2 we may find 
the proportion SV2 bears to SZ, or the ratio of Venus’s distance 


from the Sun to the Earth’s distance, for 2 


the angle of elongation SEV, is 47° .*. SV2 = SE sin 47° = .73 


= sin SEV. and 





(SE being taken as unity) or, as we have already stated, Venus’s 
distance is rather less than three-quarters that of the Earth 
from the Sun. 

From certain irregularities observed upon the terminator, or 
boundary of the limb, and the blunted appearance of one of the 
cusps of the crescent, various observers have concluded that 
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there exist high mountains upon the planet's surface. Some- 
times when the planet is in the crescent phase intensely bright 
spots have been seen near the polar regions, which may perhaps 
be ice-caps like those seen on Mars. Darkish markings, indicat- 
ing continents and seas ‘“‘dimly visible,” are also at times seen, 
and a rough map of Venus was made by Bianchini long ago. 
His observations were confirmed by thousands of observations 
made by De Vico and his assistants,so may be considered to rep- 
resent real features of the surface. 

We have already stated that there is evidence of the existence 
of an atmosphere, and from observations. of the transit of the 
planet across the Sun’s disk in 1874 it was concluded that the 
atmosphere is about 11% times to twice as extensive as our own. 
The existence of water vapor has been shown by the 
spectroscope. 

At times the dark portion of the planet, unilluminated ‘vy the 
Sun’s light, has been taintly visible, from which it has been con- 
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FiGuRE 3.—BIANCHINI'S Map. 


sidered probable that phenomena of the nature of the aurorae 
take place from time to time upon Venus. So far as known, the 
planet has no satellite or moon attendant upon it, but toa 
great extent the want of a moon is made up for, to the possible 
inhabitants, by the Earth. When Venus and the Earth are 
nearest, as we have already said, they are on the same side of 
the Sun, and the planet turning its dark side toward us is in- 
visible, like the Moon when new. On the other hand the Earth 
has the whole of its illuminated side turned towards the planet, 
is on the opposite part of the sky to the Sun, and is consequent- 
ly visible asa brilliant object (“Full Earth’’) in the night sky 
of the planet. We know from the phenomenon of Earth-shine 
that the Earth reflects a considerable quantity of light to the 
Moon, part of which is again reflected back to us, and if we 
suppose the intrinsic reflecting power of the Earth’s surface to 
be equal to that of Venus (it may be, indeed, and probably is, 
considerably less) it must give much greater light to the planet 
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and be a much more brilliant object in its sky than Venus ever 
appears to us, owing to the following circumstances. When 
brightest only a small part of the planet’s illuminated surface is 
turned towards us, but even so it appears more conspicuous 
than any other star or planet in our sky, and is often visible in 
daylight. On the other hand the whole of the Earth’s illumi- 
nated hemisphere is turned towards Venus when they are at their 
nearest together, and the Earth is then on the meridian at the: 
planet’s midnight, being in ‘‘opposition’”’ to the Sun. Thus as 
a night luminary the Earth to some extent plays towards Venus 
the part the Moon does for us. 

Occasionally Venus passes directly between the Earth and the 
Sun at inferior conjunction, and is seen projected as a black dot 
on the Sun’s surface crossing it from east to west, sufficiently 
large to be visible to the unaided eye. Ordinarily, owing to the 
tact that the plane of its path is inclined at a small angle (314°) 
to the plane of the ecliptic (Earth’s path), it passes a little to 
the north or a little to the south of the Sun's place. These 
transits across the Sun’s surface have a special interest for 
astronomers, owing to their affording an. opportunity for de- 
termining the Sun’s distance from the Earth with great 
accuracy. Accordingly expeditions have been made to distant 
parts of the Earth to observe these transits when they occurred. 
The transit of 1769 was observed by Captain Cook at Otaheite, 
he having been sent by the Government of that date to the 
South Seas at the request of the Royal Society. The transit of 
1882 was visible in this country, and was also observed in 
various other parts of the world. When Venus passes between 
the Earth and Sun she is at her nearest to us—between three 
and four times nearer than is the Sun. Consequently, as seen 
from different parts of the Earth, Venus will be seen to cross 
different portions of the Sun’s disk, and by exactly determining 
the planet’s path as seen at the different stations whose distance 
from one another is known, it is possible to determine both the 
planet’s and the Earth’s distance from the Sun. In Halley’s 
method two stations at which the transit is visible are chosen, 
the stations being one as far north and the other as far south 
as possible. The duration of transit (7. e., the time occupied by 
the planet in crossing the Sun’s disk, is observed at each station, 
and knowing the planet’s velocity in its path, the length of the 
chords a fc, de gis known, the displacement fe being the 
measure of FE at the Sun (while from the similar triangles EVF, 
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eVfwe shall also get EF: ef: : VF: Vf, etc.). (Figure 4.) 
Knowing the ratio of VF to Vf, and the distance EF, all the 
other distances may be thus easily found (in miles, etc.). 


on 


a 











FIGURE 4. 
EF, Earth; V, Venus; S, Sun; a fc, planet’s path seen from F ; deg, planet’s 
path seen from E. 

There are, however, practical difficulties in the way of deter- 
mining the exact instant the planet enters and leaves the Sun’s 
disk, different observers having obtained differences of about 
ten to fifteen seconds of time, though observing side by side. 
The atmosphere of Venus causes its edge to be more diffuse than 
would otherwise be the case, and the phenomenon of the black 
drop, at internal contact, also complicates matters. Instead of 
touching sharply, a kind of ligament or ‘black drop’”’ extends 
from the planet to the Sun (Fig. 5), a similar effect to that which 
is observed when we bring two fingers in contact and then hold 
them up to the light and separate them; as they separate a 
“black ligament” will appear to connect them for a short space. 
By means of photography, it was attempted to render the 
results more certain; but so far the photographic methods give 
no better satisfaction than the others. It is now generally con- 
sidered that the transit of Venus method, though admirable in 

theory, has proved of less value than was ex- 
suas sine pected, in practice, and by the time the next 

AQ transit comes round (there are nomore till 2004 

A. D., nearly a century hence) other methods 
are likely to have given better results. 

We have seen that there is evidence of the existence of conti- 
nents and seas, air, and water vapor upon the planet. The 
amount of sunlight it receives, though greater than our share, 
is not excessively so, for there appears reason to believe that 
polar snow-caps exist, and in other respects, for conditions 
favorable to the existence of beings organized not very much un- 
like those with which we are familiar on this Earth, we have as 
much evidence as we can reasonably expect. We may thus con- 
clude that the planet is in most respects not dissimilar to the 
Earth, and is the abode of life, at least in the regions north and 
south of the Equator, if not on the ‘‘torrid zone’’ itself. 


FIGuRE 5. 
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THEORIES OF CELESTIAL EVOLUTION. 


HECTOR MACPHERSON, JR. 





For POPULAR ASTRONOMY. 


The human mind has trom the earliest ages been attracted to- 
wards the great question of the evolution of the universe. As 
long ago as the time of Plato, philosophers were grappling with 
the question, and although in the sixteenth and seventeenth cen- 
turies it was overshadowed by the more immediate question of 
the Earth’s place in nature, it was inevitable that it should 
recur again with the advance of human knowledge. 

The first ‘‘nebular theory’? was due to Kant, butit is only 
right to point out that a remarkable speculation in the same 
direction was made by the Scottish astronomer, James Ferguson, 
in the eighteenth century. ‘In the beginning”? wrote Ferguson, 
“God brought all the particles of matter into being in those 
parts of open space where the Sun and planets were to be form- 
ed, and endowed each particle with an attractive power, by 
which these neighboring, and at first detached particles would 
in time come together in their respective parts of space, and so 
would form the different bodies of the solar system.”’ 

But Ferguson did not pursue the speculation further, and it 
was left for Kant in 1755 to put forward the first theory of the 
development of the solar system from a gaseous nebula. 

In 1796 Laplace in the last chapter of his popular work, the 
“Systéme du Monde” put forward his nebular theory, ‘with 
that distrust which everything ought to inspire that is not the 
result of observation or calculatian.’’ He noticed that, in the 
solar system, all the planets revolved round the Sun in the same 
direction, from west to east and that the satellites of the 
planets obeyed the same law. He also observed that the Sun, 
Moon, and planets rotated on their axes in the same direction; 
also that the planets moved round the Sun and the satellites 
round their primaries in almost the same plane as the Earth’s 
orbit, the plane of the ecliptic. It was evident that these re- 
markable congruities were not the result of chance, and accord- 
ingly Laplace expressed his belief that the solar system origi- 
nated from a great nebula which in condensing detached various 
rings in the process of rotation. These rings condensed into the 
various planets and their satellites.” Laplace had never seen a 
nebula, for he was purely a mathematician, and it is remarkable 
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that his great contemporary Herschel was the first exhaustive- 
ly to study these nebulae. At first, in the course of his observa- 
tions Herschel believed ail nebulae to be merely clusters of stars 
situated at vast distances which higher telescopic power would 
resolve, but his positive views on this point were soon shaken. 

In 1791 he drew attention to a remarkable star in Taurus sur- 
rounded by a nebulous atmosphere regarding which he said. 
“Our judgment will be that the nebulosity about the star is 
not of astarry nature. We therefore either have a central body 
which is not a star or have a star which is involved in a shining 
fluid, of a nature totally unknown to us’’ and he cautiously 
added—‘‘The envelope of a cloudy star is more fit to produce a 
star by its condensation than to depend upon the star for its 
existence.’ Twenty years passed away before Herschel discuss- 
ed again the great question of evolution. 

In 1811, however, he put forward his complete theory. He 
found the nebulous matter in all the various stages of condensa- 
tion, from the diffused nebulae like that in Orion, through plan- 
etary and elliptical nebulae to perfect stars like Sirius, Arcturus, 
and the Sun. It was from observation of the heavens them- 
selves and not by abstract reasoning that Herschel was led to 
the nebular theory. Herschel’s theory differed in some impor- 
tant points from Laplace’s. For instance, Herschel’s applied to 
the entire universe, while that of Laplace was confined to the 
solar system; Laplace went into details of the exact process of 
the formation of the planets, while Herschel merely sketched the 
general course of stellar and planetary evolution. The two 
conceptions were supplementary to each other. 

The nebular theory, in spite of the fact that it was supported 
by the two greatest astronomers of the time was at first receiv- 
ed with indifference. Then the indifference turned into opposi- 
tion—the opposition of both the clergy and men of science. For 
instance, Sir David Brewster, who was both a man of science 
and an elder in the Free Church of Scotland, referred to the 
theory as ‘‘a dull and dangerous heresy.’’ Perhaps the fact that 
Laplace was an agnostic prejudiced the ecclesiastical world 
against the conception, but the same argument could not be 
used against Herschel who was a religious scientist. More 
serious was the scientific opposition to the theory. At first Sir 
John Herschel held firmly to his father’s views, but when the 
Rosse reflector and other large telescopes began to resolve some 
of the nebulae which Herschel believed to be composed of *‘shin- 
ing fluid,’ the evidence in favor seemed to be greatly reduced; 
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and in 1845 the supposed resolution of the Orion nebula was 
declared by the American astronomer, Olmsted, to be the signal 
for the renunciation of the theory, which was accordingly a- 
bandoned by Sir John Herschel and the leading astronomers. 
Only the Scottish astronomer, Nichol, and a few others continu- 
ed to believe the hypothesis. In 1864, however, Sir William 
Huggins demonstrated by aid of the newly invented spectro- 
scope, the gaseous nature of a planetary nebula in Draco and of 
the Orion and ‘‘Dumb-Bell’’ nebulae. Since that date the theory 
ot development from gaseous matter has been held by all scien- 
tists in some form or another. Powerful support was lent to 
the nebular hypothesis in 1854 by the discovery by Helmholtz 
that the Sun was still contracting. On going backwards in 
imagination, we reach a period when the Sun must have been 
much larger than now, and must have extended beyond the 
orbit of Neptune. 

The spectroscope has, on the whole verified Herschel’s scheme 
of stellar evolution from nebulae to stars. The late Professor 
Vogel surveyed the heavens with the spectroscope and classified 
the stars according to their evolutionary order. He considers 
white stars Orion and Sirian stars—to he the youngest orbs, and 
yellow or solar stars to have wasted much of their store of 
radiation; while he believes red stars to be ‘‘effete suns hasten- 
ing rapidly down the road to final extinction.”” The spectro- 
scope in Vogel’s able hands has confirmed and developed Her- 
schel’s nebular theory. Laplace’s hypothesis, being so much 
more precise than that of Herschel has proved itself much more 
open to objection and attack; and it must be admitted that 
many of these objections are well founded. For instance, 
Proctor showed in 1874 that ‘“‘Laplace’s great nebulous con- 
tracting mass is a very unsatisfactory conception to begin with. 
No such mass could rotate as a whole. Laplace’s theory does 
not, in any way, correspond with processes still taking place 
within the solar system. It gives no account of the immense 
number of meteor flights and comets still existing within the 
solar domain.’’ Other objections have been raised by Faye, 
Roche, Babinet, Kirkwood and others. For instance, the retro- 
grade notion of the satellites of Uranus and Neptune, (and the 
two outer satellites of Jupiter and Saturn), and the extremely 
rapid motion of the inner satellite of Mars which revolves more 
rapidly than its primary rotates, have been again and again 
used as arguments against Laplace’s scheme. Nevertheless these 
points in themselves are not necessarily fatal to the hypothesis. 
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Sir Robert Ball showed in 1901 the possibility that the retro- 
grade motion of these satellites may eventually become direct, 
and it has been suggested that the rapid motion of the inner 
Martian satellite is due to tidal friction. 

More serious is the objection raised by Sir G. H. Darwin to 
the theory of ring formation which Laplace developed. As the 
late Miss Clerke remarks in her work ‘‘Modern Cosmogonies”’ : 
“Professor Darwin has pointed out that a ring of matter dis- 
tributed with any approach to uniformity must concentrate if 
at all round its own center of gravity. It should accordingly 
collapse upon, and become re-absorbed by, the parent body... 
In nocase could the focus of condensation be situated in any 
part of the annular circumference where it was located by 
Laplace.” Professor Moullon, an American physicist has shown 
that the matter detached from the rotating mass would be shed 
not in the form of rings but “continually” and that Laplace’s 
idea of condensing rings is untenable. Mr. Gore says ‘‘the idea 
that the planets were formed by the condensation of rings de- 
tached trom a nebulous mass is a hypothesis for which we find 
no warrant in the heavens.’’ He also says that Laplace’s neb- 
ular hypothesis “should now be definitely abandoned.” Of 
course, the abandonment of Laplace’s detailed theory does not 
‘mean the abandonment of the entire nebular theory which is 
in all probability imperishable. 

Various attempts have been made to improve, to supplement, 
and to supersede altogether the detailed theory of Laplace. In 
1870 Proctor put forward the idea that the planets were form- 
ed by meteoric aggregation as well as nebular condensation, 
and twenty years later the ideas of Proctor were worked by 
Lockyer into a comprehensive theory which he called the ‘‘Mete- 
oritic Hypothesis.’’ Lockyer stipulated for a nebula comprised 
not of gaseous matter, but of meteoritic particles—an idea 
which he claimed to be merely an extension of the view of 
Schiaparelli that comets are “local concentrations of celestial 
matter.”’ The fundamental idea of Lockyer’s theory is that “all 
self-luminous bodies in the celestial space are composed either ot 
swarms of meteorites or of masses of meteoric vapor produced 
by heat. The heat is brought about by the condensation of 
meteor swarms due to gravity, the vapor being finally conden- 
sed into a solid globe.’’ Lockyer’s theory was designed to 
explain not merely the solar system but the stellar universe. 

He considered the ‘‘chief nebular line’ to be identical with the 
remnant of the magnesium fluting which is conspicuous in the 











4.22 Theories of Celestial Evolution 





spectra of comets and meteorites, but this was disproved by 
Sir William Huggins ani the late Professor Keeler with more 
powerful instruments. The hypothesis has not been widely 
accepted, but it undoubtedly contains elements of truth. 

The theory of tidal friction developed in 1879 by Sir G. H. 
Darwin and extended to the stars by Professor See in 1892, is 
merely supplementary to the nebular hypothesis. It shows that 
the Moon was formed in a particular manner, unique in the 
solar system. Kant, Roche, and Delaunay had recognized the 
importance of tidal friction, but Sir G. H. Darwin first showed 
the important part which it played in the evolution of the 
Earth and Moon. Darwin showed that in the remote past the 
Moon was much nearer to us than now, that the Earth was 
rotating on its axis in between three and five hours, and the 
Moon revolving in the same period, so that the two bodies 
were almost in contact. A short time previously the Moon must 
have formed part of the Earth, which in consequence of its short 
period of rotation and probably also owing to the interference 
of the solar tide, split into two portions and the smaller of these 
now forms the Moon. In consequence of the solar tide the 
Moon continued to recede until it reached its present position. 
Professor See has applied the same theory to double stars, of 
which there are many examples in the heavens. 

The tidal friction theory has a great advantage in the re- 
markable way in which it is confirmed by observation. The 
slow rotation of the Moon, Mercury, and Venus are confirma- 
tory of the theory which stipulates that these bodies must turn 
one face to their primaries. In the case of the stars, Dr. A. W. 
Roberts of Lovedale, has observed double stars of which the 
components are revolving in actual contact just as the theory 
requires. The tidal friction theory, however, seems to be ap- 
plicable only to particular cases. Another general theory, which 
Mr. Gore calls ‘tthe new cosmogony” has been worked out by 
Mr. Moulton of Chicago and another American physicist, Mr. 
T. C. Chamberlin. This new idea is called the ‘“‘planetesimal 
hypothesis.”” It stipulates for the development of planetary 
systems from spiral nebulae. It is claimed that it explains 
away all the old stumbling blocks to Laplace’s theory. Ac- 
cording to the theory, the planes of the orbits ‘will nearly 
though not exactly coincide,” the orbits of the smaller planets, 
like the asteroids will show a greater inclination to the ecliptic 
than those of the larger; the orbits of the larger planets are 
more nearly circular than those of the smalier; that retrograde 
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rotations might be expected in the outer planets; and _ retro- 
grade revolutions might be expected in the case of satellites very 
remote from their primaries. All of these conditions are ful- 
filled in the solar system. 

The ‘‘planetesimal hypothesis” is still in its infancy, but it un- 
doubtedly explains well the different phenomena of the solar 
system. In all probability it contains valuable truths. In fact 
there may be elements of the truth in Laplace’s old theory, 
Lockyer’s meteoritic hypothesis and this new ‘“planetesimal 
theory. But many scientists, however, are not content with 
merely sketching the development of the stars from nebulae, but 
aspire to trace the origin of the original nebulae. Pre-nebular 
hypotheses have been put forward by the late Dr. Croll, the 
Scottish geologist, and others; and in 1901, Sir Robert Ball ex- 
pressed the view that nebulae result from the stellar collisions. 
A theory of temporary stars put forward by Seeliger of Munich 
was developed by Dr. Halm, formerly of Edinburgh, in 1904. 
Dr. Seeliger showed that new stars are probably caused by the 
passage of dark stars through nebulous matter, and that after 
the conflagration the system settles down again in its nebular 
condition; Dr. Halm, on the other hand, points out that the 
necessary consequence of the encounter is the formation of an 
atmosphere of incandescent gases, followed by that of a_ per- 
manent revolving ring of nebulous matter moving round the 
stellar nucleus with an enormous velocity. Dr. Halm’s re- 
searches, it will be seen, are more in harmony with Laplace’s 
ring theory than with the more recent hypothesis. 

In the meantime, it seems impossible to decide which of the 
various theories of the exact formation of stellar systems is the 
correct one. In all probability, there are valuable truths in each 
of them. But in the midst of the uncertainty of the exact mode 
of planetary development the Herschelian idea of evolution in 
the heavens is stronger than ever. The nebular theory—that is 
the general theory of the development of nebulae into stars, is 
now universally accepted. As to the exact mode of develop- 
ment the future will probably unfold further valuable truths. 
Each theory of celestial evolution adds a little to our knowledge 
and takes us further towards the solution of the mighty prob- 
lem. As the poet has truly said :— 

“Our little systems have their day, 
They have their day and cease to be, 
They are but broken lights of Thee, 
And Thou, O Lord, art more than they.” 
Johnsburn, Balerno, 
Midlothian, Scotland. 
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AN ASTRONOMICAL THEORY OF THE MOLECULE 
AND AN ELECTRONIC THEORY OF MATTER. 


Solar and Terrestrial Physics Viewed in the Light Thereof. 





SEVERINUS J. CORRIGAN. 





For POPULAR ASTRONOMY. 
Part IV. (Continued.) 


THE TERRESTRIAL ATMOSPHERE. ITS VOLUME, EXTENT, DEN- 
SITY, PRESSURE, TEMPERATURE AND THE METEORO- 
LOGICAL EFFECTS CAUSED THEREIN BY THE 
SOLAR ELECTRO-MAGNETIC 
RADIATIONS. 


Further proof of the enormous rotational velocity of the wind 
near the center of the funnel of a tornado, is to be found in the 
fact that large trees having diameters of as much as 28 inches 
have been snapped across, like reeds, by the force of the wind as 
the funnel passed through a group of oaks and exerted an e- 
normous pressure against the trunks thereof, this pressure being 
comparable to a load uniformly distributed along one side of 
the trunk. ' 

Such a tree reduced to the form of a rectangular beam would 
have, in this case, a breadth (b) and depth (d) of 22 inches, a 
length (/) of 480 inches, and a surface (F) of 72 square feet 
presented to the action of the wind, and this may be regarued 
as a horizontal beam supported at one end, for which the break- 
ing weight (W), which, in this case, is the pressure (P), both 
in pounds per square foot, is given by the formula :— 


4bd?§ 


W=P= Fl; 





the tensile strength, represented by S, being, for oak, 12,000 
pounds per square inch, the number (F) ot square feet against 
which the pressure is exerted being that stated above. 

For these numerical values, the formula above set forth gives 
as the wind-pressure against each square foot of the exposed 
surface, roundly, 14,800 pounds, and an inspection of Table C, 
in the May number of PopuLAR AsTRoNomY, which I have deriv- 
ed from my theory in this connection, shows that this pressure 
corresponds to a wind-velocity of nearly 1,800 miles per hour, 
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whichisthat at adistance of only 45 feet from the center of the fun- 
nel which passed directly through the group of large oaks afore- 
said. Even were the tensile strength (8) of the timber broken 
by the force of the wind, only one-tenth of the value above 
stated, the corresponding wind-pressure would be 1,480 pounds, 
per square foot, corresponding to a wind-velocity of 580 miles 
per hour, at a distance of 400 feet from the center of the funnel, 
and it will be seen that my theoretical results and the facts of 
observation are in perfect concord in this connection. 

Other determination ot the enormous rotational velocity of the 
wind, by means of the work done upon material objects by the 
consequent pressure exerted thereon, could be adduced, but the 
limitations of space in this publication do not permit, and the 
testimony that I have presented, is, I think, quite sufficient to 
determine the magnitude of the wind-velocities, and the cor- 
responding pressures and distances from the center in the case 
of tornadoes, and, so far as I know, this is the only method by 
which the velocity can be determined, because at velocities of 
more than 120 miles per hour, which is that in a very violent 
hurricane,—and sometimes at less,—anemometrical instruments 
are carried away. 

As has _ been stated, in addition to this rotational velocity, 
every tornado has a motion of translation, as a whole, ina 
general easterly direction, more than three-fourths of all observ- 
ed moving toward the northeast, the rate of translation being 
sometimes as low as ten miles per hour, and at others as high 
as sixty miles. or somewhat more, in the same time, with a 
general average of about thirty miles per hour. 

This motion of translation has sometimes been regarded as 
indicating the velocity of the wind in a tornado, but this as- 
sumption is, obviously, erroneous and misleading, as even the 
highest velocity of sixty miles,—or somewhat more,—per hour, 
is utterly incapable of generating pressures sufficiently great to 
sause the destructive effects observed. In the tornado that 
passed through a portion of the city of Cleveland, Ohio, at noon, 
early in this season, the width of the path was about four miles 
which is almost exactly the maximum derived from my theory 
as described in the May number of PopuLAR ASTRONOMY, many 
substantial structures, such as large brick buildings, within this 
path being utterly demolished, and this demolition could have 
been effected only by wind-pressures corresponding to a rota- 
tional velocity of not less than ten times the mean translational 
velocity of thirty miles per hour, and, in some cases, of, prob- 
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ably, as much as 1,800 miles in that time; yet in newspaper 
reports of this storm, it was stated that the wind-velocity was 
only somewhat more than sixty miles per hour, the pressure 
corresponding to which might cause considerable damage if it 
persisted for a sufficient length of time against any given struct- 
ure, but would be utterly incapable of doing so, in the few sec- 
onds during which it wasexerted. The time of passage of the storm 
was five or six minutes, and the length of its path through the 
city was five or six miles, which would give a rate of progress, 
or velocity of translation, of between sixty and seventy miles 
per hour, which fact seems to have led to the erroneous inference 
that this was the velocity of the wind that wrcught the great 
destruction in this case, and which, probably, was the basis of 
the statement that this atmospheric disturbance was only a 
violent thunderstorm whereas, from a consideration of all the 
tacts that I have been able to gather, in this connection, it was 
a typical tornado very similar to the theoretical one that I 
depicted in the May number of PopuLAR AsTRONOMY. The mean 
easterly translational velocity of thirty miles per hour, is about 
that of the vastly larger vortex, or true cyclone, in the south- 
easterly quadrant whereof the majority of tornadoes are formed, 
the latter partaking of the translational easterly motion of the 
former, which, on an average, is 24 miles per hour, while it has 
been known to reach as high as 70 miles, on one extreme, and, 
on the other, sometimes to remain stationary, or even to retro- 
grade, for a short time. 

Since a knowledge of the translational velocities of those 
cyclones, areas of low barometer—‘lows,”’ or storm centers’’, as 
they are sometimes called,—across the surface of the Earth is one 
of the most important factors in the problem of meteorological 
predictions, a determination of the cause of the movements, their 
rates, and the tactors that cause these rates to vary, is a 
desideratum, and such a determination, based upon my theory 
in this connection, will now be set forth: It is well-known, from 
common observation, that a jet of fluid, such as water, undera 
very high pressure, or ‘“thead,’’ issuing from a comparatively 
narrow orifice, as in the case of a hydraulic plant operated by 
water falling from a very high elevation, or even in the case of 
water issuing from a nozzle under the pressure developed by an 
ordinary high-powered fire-engine, or pump, has a velocity so 
great that the fluid is endowed thereby with some of the me- 
chanical properties of a solid, especially with respect to rigidity, 
the rapidly rotating fluid mass of a tornado being thereby, ina 
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certain sense, differentiated from the surrounding, comparative- 
ly normal atmosphere, and it may be, properly, regarded as a 
solid mass freely suspended above the Earth’s surface, partak- 
ing of the rotational velocity of our globe and its atmosphere, 
and acted upon by the force of terrestrial gravity. 


ORBITAL AND ROTATIONAL MOTION. 
EFFECTS THEREOF. 


Now, a fundamental principle of analytical mechanics—partic- 
ularly applied in theoretical astronomy—in regard to a body 
moving in any direction and being, at the same time, acted 
upon by what is known as a “central force’, such as that of 
gravity, whereby any two bodies, or masses of matter, are 
mutually attracted toward a common “center of gravity,”’ by a 
force that depends directly upon the masses of the bodies, and 
is inversely proportional to the square of the distance of the 
bodies from the common center aforesaid may be couched in the 
following statement: ‘From the laws of gravity, motion and 
inertia, whatever may be the primary force and direction of the 
motion given to a body falling under the influence of another 
central, attracting body, (provided the motion of the attracted 
body be not directly toward, or from, the center of attraction) 
the attracted body will tall into a corresponding orbit (which 
must be one of the conic sections) of greater, or less, ec- 
centricity, and of greater, or less, mean distance; and whatever 
be the eccentricity, the real velocity at the extremity of the 
shorter axis will be just sufficient to maintain the attracted 
body ina circular orbit at that mean distance from the attreat- 
ing body which, in the case of the planetary bodies of the solar 
system, is now the Sun.” 

In the cold, gaseous matter of the primitive solar nebula, left 
behind in the process of contraction of the nebulous mass, at 
definite intervals, by the operation of acertain law expressing 
the relation between the force of gravity which caused the con- 
densation, the development of heat thereby, and the antago- 
nistic force of radiation, as I have demonstrated particularly in 
the February (1908) number of PopuLaR ASTRONOMY, secondary 
centers of condensation were formed toward which the sur- 
rounding gaseous matter was drawn by the action of gravity, 
in the same manner as in the case of the primary, and by the 
operation of the same forces that were the factors in the forma- 
tion and development of the great, primary, central condensa- 
tion which is now the Sun, and as these secondary condensations, 
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or planetary nuclei, were endowed with a portion, at least, of 
the rotational velocity of the whole original nebulous mass, 
being thereby prevented from falling directly toward the center 
thereof, these planetary nuclei, under the principle above stated, 
fell into elliptical orbits wherein the motions and the distances, 
or radii-vectores, were so related that the eccentricities were quite 
small, and the orbits therefore approximately circular. 

The diffused nebulous matter in, and from, which the planetary 
nuclei were formed, obviously, offered a _ resistance to the 
tangential, or transverse, motion of the planetary body, which 
would cause the latter to fall more directly, or radially, toward 
what is now the Sun, than would be the case were there no 
such resistance. The power to overcome this resistance is 
proportional to the kinetic energy, or to the mass, as well as 
the square of the velocity of the moving body, or planetary 
nucleus aforesaid; wherefore, the great mass of each of the larger 
condensations that are now the planets enabled these bodies to 
easily overcome the resistance offered by the nebulous matter 
through which they moved, and pursue more nearly their 
primary, tangential courses, in nearly circular orbits; but many 
minor condensations of the gaseous nebulous matter, each of 
very much less mass, and therefore proportionally less capable 
of overcoming the resistance aforesaid, were forced to fall more 
directly, or radially, toward the Sun, in elongated, elliptical 
orbits of great eccentricity, these masses, according to my 
theory, constituting, now, what are called ‘‘comets’’, the very 
small portions of their paths described during the comparatively 
short times that these bodies are visible to us coinciding, in 
the majority of cases, so closely with arcs of parabolas that 
these bodies are generally considered as moving in parabolic 
orbits, that form of conic section satisfying the observations in 
by far the greater number of cases, whereas, with the possible 
exception of a very few that seem to move in hyperbolas, all 
the others really move in elliptical orbits although the elliptic- 
ity is determinable in only comparatively few of all the cases 
observed, in which the periodicity has been well-determined. 
Were the planes of the orbits of the comets for which the com- 
putations indicate parabolic orbits, been most favorably placed 
at nearly a right angle to the line of sight from the Earth, and 
could observations of these comets have been made during a 
sufficiently long period of time, and through a considerable 
length of arc, Ihave reason to think that in all such cases the 
computations would have given elliptical instead of parabolic 
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elements, and in support of my belief in this connection, I would 
present the following facts: The distance, or radius vector, 
from the great center of attraction, at which these cometary 
condensations were at the time when they began to move in def- 
inite orbits around the center aforesaid, constituted the 
aphelion distance, in each case. 

In the part of this paper published in the February (1908) 
number of PopuLAR ASTRONOMY,—to which the reader is referred 
for a detailed statement,—I set forth a rigorous, mathematical 
demonstration of the process of development of the Sun and the 
planetary bodies of the solar system, from the primary, cold, 
gaseous nebula which was,originally, in equilibrium, as to 
temperature, density and pressure, with the gaseous luminifer- 
ous ether whence, under my theory, it was generated, its tem- 
perature being then only the two hundred millionth part of a 
Fahrenheit degree above absolute zero, and its density, only the 

1 
1490 x 10% 
of this nebula considered as a sphere, being then 12,850 times 
the present mean distance of the Sun from the Earth, which is 
92,800,000 miles; but its form was really that of an ellipsoid 
with a semi-axis of three times the aforesaid radius, or 38,55V 
astronomical units (3,577,440,000,000 miles) it presenting a 
perfect similitude of the great nebula in Andromeda, my theoret- 
ical determination of the distance, consequent parallax and 
dimensicns whereof, were set forth in the April (1908) number 
of PopuLaR ASTRONOMY, the annual parallax which [ have thus 
derived, being 0.7085, which is very approximately that of the 
first magnitude stars, according to Professor Elkin’s measure- 
ments thereof, (0.”085 + 0.”015) and agrees very closely with 
one of three determinations from thousands of photographic 
measurements made by Carl Bohlin of Stockholm, Sweden, al- 
though a mean of his three determinations gives 0.717 as the 
parallax to which considerable uncertainty necessarily attaches, 
but, adopting 54’ 30” as the angular semi-diameter, or longer 
semi-axis of this nebula, as derived from Ritchie’s great photo- 
graph, thereof, Bohlin’s parallax would give, roundly, 20,000 
astronomical units as the value of the maximum distance, 
instead of the larger value that I have theoretically derived and 
which, for reasons not necessary to state here, I think, is much 
nearer the true value ; but, in any case, in this immediate con- 
nection the difference is quite immaterial. The process of con- 
densation, or compression, of the tenuous matter ot the gaseous 
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nebula, under the action of the force of gravity directed toward 
the center of the whole mass, and which urges the outer 
portions of the matter toward the center of the nebula, in 
roughly spiral curves, also induces, in a very obvious manner, 
a slow motion of rotation in the whole nebulous mass, by the 
operation of the same forces that cause, and under the same 
laws that govern, the motion of a body revolving in an orbit 
around a central, attracting mass. 

This compression generated heat in the cold, condensing, 
gaseous matter, according to well-known physical principles 
and laws, and the radiation of a portion of the heat so gener- 
ated (one-third ot the whole quantity being radiated from, and 
two-thirds retained in the nebulous mass,) developed a force 
acting, radially, outward from the nebula and being, therefore, 
directly antagonistic to the centripetal force of gravity that 
generated the heat, the relation between these tw antagonistic 
forces being, as I have definitely demonstrated, such that when- 
ever the absolute temperature of the mass was increased three 
times, by the compression of the latter, the force of radiation 
became sufficiently great to overcome that of gravity, and a 
portion of the matter of the nebula, comparatively near the 
surface thereof, was thereby detached from the slowly contract- 
ing mass, and left behind in an irregular formation which may 
be regarded as, very roughly, annular, this process of fission 
from the parent mass being aided somewhat by the centrifugal 
force due to the slow rotation of the whole nebula; but the force 
of radiation, aforesaid, was, by far, the most potent factor in 
the process of fission. The distances from the center ot the 
primitive nebula, or the present center of the solar system, at 
which the several detachments of tenuous, nebulous matter took 
place, according to the process above described, are determined 
by the condition that when the compression, and consequent 
heat-generation, began, the first, and upper-limiting, distance 
was the radius of the primitive nebula considered as a sphere, 
which distance, as 1 have demonstrated, was 12,850 astronom- 
ical units of 92,800,000 miles each, and that all the subsequent 
distances fell in a decreasing series extending from the outer- 
most limit aforesaid, to nearly the present radius, or semi-diam- 
eter of the Sun, the law of this series, expressing the relation of 
any one distance at which a detachment of matter took place, 
as aforesaid, to the distance immediately preceding it in this 
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series, being given by the ratio —= = 0.5774, which expression 
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I have rigorously derived from the above stated relation be- 
tween the absolute temperature developed by the compression, 
and the force of radiation when it became just sufficient to over- 
come that of gravity and to cause detachment of nebulous 
matter, the requisite increase of absolute temperature being 
designated by the numerical factor 3, as aforesaid. 

From the fundamental equations of planetary motion is deriv- 
ed the following well-known expression : 

V?r? sin? y 
OE teas: (1) 

In this connection, V represents the /Jinear velocity of any 
body, great or smal], moving in an orbit around the center of 
gravity of an attracting mass; r is the radius-vector of the 
body, or its distance from the center of attraction; y is the angle 
which the direction of the linear velocity makes with the radius- 
vector; and k® is the unit of acceleration, or the acceleration 
impressed in unit time, upon any body at unit distance from 
the center of an attracting mass by the latter’s ‘‘force of gravi- 
itv.”” The value of k*? is determined by the equation, 
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t? (1 +4-m) * (2) 
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k* 


When the acceleration due to the Sun is to be considered, a 
may represent the mean distance of any planet, and t its period 
of revolution in the orbit. 

When the acceleration produced by the mass of any planet is 
to be computed from equation (2), a may represent the mean 
distance of any satellite revolving around the planet, and t will 
be the period of revolution of the satellite. As is well-known, 
the mean distance of the Earthis taken as the unit of distance, 
for the purpose of determining the acceleration due to the Sun’s 
mass, and the value of t is the sidereal year. The value of k 
thus determined is the well-known constant log 8.2355814. In 
order to obtain k for the purpose of determining the orbit of a 
particle of terrestrial matter, we must use the mean distance of 
the Moon, as the unit of distance, and t will be the time of the 
Moon’s sidereal revolution, expressed in mean solar days, the 
day being taken as the unit of time. For the orbit of a particle 
on Mars, Jupiter, Saturn, or Uranus, I take the mean distance 
of the first satellite of each planet, and the corresponding period 
of revolution, but any other satellite can be used for the deter- 
mination of k. As the rotation period of Neptune is unknown, 
we cannot determine the orbit of a particle upon that planet, 
by this method. 
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The linear velocity (V), in equation (1) is determined for the 
Sun, or any planet, from the respective rotation periods and 
circumferences of these bodies. The unit of time being the mean 
solar day,the /inear velocity must be expressed accordingly. 
The value of rin equation (1) will, in the case of a particle upon 
the surface, be the value of the radius of the Sun, or of any 
planet under consideration. The direction of the velocity in the 
case of a particle on the circumference will, of course, be at any 
instant, ata right angle to the radius; therefore sin y = 1. 

The quantity, p, in the second member ofequation (1), is the semi- 
parameter of the orbit, or the ordinate at the focus, if we take 
the major-axis as the line of abscissa. Having, by means of the 
above mentioned known quantities, determined the value of p, 
the other principal elements of the orbit of a particle can be 
derived from the following equations : 





—_ o k* 
“='sit = 
ew (3) 
— p 
‘= ain 
~\ a (4) 
— 
7 i +2 (5) 
1(1 — e’) 
A= 1—e - (6) 


In these equations, a represents the semi-axis major of the orbit 
of the particle, e is the eccentricity of the orbit, and q is, in the 
case of the planets and comets, the perihelion distance, and in 
the case of the Moon, the distance of the perigee; while for any 
other satellite, it represents an analogous quantity, the quantity 
represented by A in equation (6), being the aphelion distance, 
apogee and the like. The above written equations are 
general and applicable to all cosmical bodies, but for sake 
of illustration I purpose to apply them first to the case of a 
terrestrial particle, because, in this wise, we can most readily 
take into account and compare the results derived from theory 
with those determined, independently, from actual observation 
and measurement. 

Conceive the Earth to be a sphere whose radius is equal to 
the known polar radius, and that this sphere is at rest; 7. e., 
that it does not revolve upon an axis; then let a motion of 
rotation, equalto that which is actually observed, be instantane- 
ously impressed upon it; the problem now presented for solution 
may be stated as follows: What form of orbit will an infini- 
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tesimal particle of matter, situate upon the surface of the 
Earth, tend to describe under the joint action of terrestrial 
gravitation and the /Jinear velocity due to rotation? We see, 
from the above equations, that the form of orbit is dependent 
upon the value of the semi-parameter p. Considering equation 
(1), we perceive that, when, V is 0, p also becomes 0, in other 
words the particle will simply be drawn, ina straight line, to- 
ward the center of gravity, or the focus. We know that at the 
poles V = 0, and that its maximum value is on the equator, 
therefore the effect produced by rotation, upon a particle situat- 
ed on the circumference of the equatorial circle, will be consid- 
ered first. 

For the determination of the value of k, from equation (2), 
we take the mean distance of the Moon as unity, or a = 1, the 
sidereal period of the Moon as 27.23166 days, and the lunar 
mass as .012285, the mass of the Earth being unity. The 
resulting value of k will be expressed by a number whose log is 
9.3616728. 

The equatorial /Jinear velocity (V) of a terrestrial particle when 
the equatorial circumference is taken as a function of the polar 
radius (r), will be represented by a number whose log is 
9.0178790, and the value of r by a number whose log is 
8.2185113. The value of p, derived from the substitution of the 
squares of these quantities in equation (1), will be a number 
whose log is —5.7494350 ; this is, of course,in terms of the 
Moon’s mean distance. The value of p in miles will, therefore, 
be found by adding to the last mentioned logarithm the loga- 
rithm of the Moon’s mean distance in miles, or 5.3780691 ; this 
will give log 1.1275041, or 13,412 miles, as the value of the semi- 
parameter. The latter becoming thus known, we can, by means 
of equations (3), (4), and (5), obtain the values of the semi-axis 
major, the eccentricity and the distance of the perigee. Equa- 
tion (4) shows the orbit to be an ellipse of great eccentricity, in 
fact one very closely approximating a straight line. The semi- 
axis major,a = 1978,28 miies, e = .996604, and gq = 6.72 miles. 
Some interesting and important results flow from a considera- 
tion of the orbit represented by these quantities. Should this 
orbit be drawn to a scale suitable for the pages of this maga- 
zine, it would appear to deviate but little trom a straight line, 
therefore in the following diagram the proportions of the ellipse 
are greatly exaggerated for the purpose of illustration. 

Let the circle in the above depicted figures represent the equa- 
torial circumference of the Earth, regarding the latter as a 
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sphere whose radius is equal to the polar radius, and which is 
at rest. Let abe a particle on this circumference, and let it be 
instantaneously impressed with a motion directed toward the 
right, and equal to the eastward rotational velocity actually 
observed, then, if it were not constrained by the resistance of 
the terrestrial substance to remain upon the surface, the parti- 
cle would describe the ellipse whose elements are given above, 
and which is depicted in Figure 1. It can be readily seen that 
instead of falling directly to the ‘‘center of gravity,’ at c, the 
particle would, after falling through the quadrant, be found at 
d, or the extremity of the semi-parameter p, which is represent- 
ed in Figure 1, by the line cd. This line may be regarded as 
representing a radial force, or a force, directly upward from the 





FIGURE 1. 


Earth’s center and urging the particle outward from the sur- 
face. We also see that at the other focus (f) of the ellipse, there 
is another semi-parameter (fb) equal to cd, which may also be 
considered as representing a force. It is to be noted especially 
that this latter has its origin at the focus (f), which is, accord- 
ing to the determination above mentioned, 6.72 miles below the 
circumference, and that it is, therefore, not a strictly tangential 
force; this fact is to be kept clearly in mind, because, for the 
purpose of substantiating the views which I have enunciated, 
it isa vital one. 

The mathematical reader will probably say that the forces 
so found are only the radial and the tangential forces which 
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have heen heretofore considered in the discussion of the effects 
produced by the rotation ot the Earth, and, in the main, this 
reader would be right, but he must also notice that what is 
called the tangential force, is not, in this case, such. The effect 
of the radial force cd is, as has been stated, to move the parti- 
cle at a on the equatorial circumference upward to a distance 
of 13.412 miles, which is the value of p, derived from equation 
(1). If we now consider the case of particles situated at an 
infinite number of points around the equatorial circumference, 
it is obvious that they will all be acted upon, in the same man- 
ner, and to the same degree, as is the particle we have just 
considered. The plane of the orbit shown in Figure 1 lies in the 
plane of the equator; let us now consider it to be moved 
through all degrees of inclination, from 0° to 90° on either side 
of the equator, the major axis of the orbit lying throughout in 
a meridian plane. We see from (1) that the value of p (r, k and 
sin y remaining constant) will vary as V’?. We also know that 
the linear rotational velocity (V) varies from a maximum at 
the equator to O at the poles; therefore the value of p, or the 
uplifting torce, will be a maximum, or 13.412 miles at the equa- 
tor and O at the poles. It is manifest, also, that the direction 
of the orbital velocity of the particle at a, on the equator, is 
eastward, parallel to the plane ot the equator, but that as the 
inclination increases, the direction of this velocity will change, 
so that in latitude 90°, it will be at a right angle to the equa- 
torial plane. Just as we have considered an infinite number of 
particles around the equatorial circumference, so we may con- 
sider an infinite number of particleson a meridian circumference, 
and also an infinite number of these circumferences. This done, 
we will have considered an infinite number of particles covering 
the whole surface of the Earth. I now claim that we have, in 
this process, a means of determining the figure of the Earth, 
and not only the figure of the latter, but also that of any 
other cosmical body whose radius (r), /inear rotational velocity 
(V), and constant of acceleration (k’),are known. Foralthough 
we have considered only the surface particles, the same reason- 
ing applies to all others, and the effect upon all is expressed 
generally by equation (1). Furthermore, it is mot necessary 
that we should take into account the density of the various 
strata of the Earth, or of any other body, in order to obtaina 
knowledge of its figure, for all the infinitesimal particles con- 
stituting these bodies may be regarded as of equal density and 
all are acted upon in an analogous manner, according to equa- 
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tion (1). Although the rationale of the above claims may be 
apparent to many, I bear in mind the condition referred to at 
the beginning of this article, viz., that in order to entitle the 
hypotheses herein advanced to the right of consideration by the 
scientific world, it is necessary that they should be tound con- 
cordant with the results derived from observation. Therefore, I 
have computed, by means of the first equation, the figure not 
only of the Earth, but also of the Sun, Mars, Jupiter, Saturn and 
Uranus, from their known rotational velocities, radii and accelerat- 
ing forces, the last quantities being determined from equrtion 
(2), by means of the motions and distances of their respective 
first satellites. 

In the case of the Earth, I have shown that equation (1) 
gives 13.412 miles as the value of p, or the uplifting force. 

Taking Clarke’s value of the polar radius as 3949.830 miles, 





: . a—t ” ; 
the compression (c) (taken in the sense c = : b - in which a 
is the equatorial and } the polar radius), will be ct 
. ; 3949.830 


004.5 ° From an exhaustive discussion of all measured arcs 


of meridian, Clarke has obtained — as the value of the com- 


pression. This is certainly a very close agreement with the 
result derived by means of my method, for it represents a dif- 
ference of only 158 feet in the value of the equatorial radii 
determined by the two different methods. The determination 
of the compression, by means of the pendulum, differs consid- 
erably from that derived from arcs of meridian, the value of c 


. : 1 . 
obtained being 7885 ° Pendulum observations have been made 


in great numbers and very carefully, so that the probability of 
any material difference being due to observational error is small; 
the discrepancy has, therefore, been attributed principally to the 
effect of local attraction upon the motion of the pendulum. 
What we have to consider now is simply the effect of rotation 
upon the Sun and upon the planets above mentioned. Taking 
the best known values of the respective radii, rotational veloc- 
ities, and the motions of the bodies revolving around the Sun 
and the planets atoresaid, together with the distances of these 
bodies from the respective centers of gravity around which they 
revolve, I have obtained the results tabulated below : 
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Sun Earth Mars’ Jupiter Saturn Uranus 
Polar radius (miles)... 426,441 3949.83 2,180 39,736 32,064 15,414 
Computed value of p,... 9 13.41 1 2,687 3,004 1,210 
Resulting equatorial 
IR aidips, si ccncionenbsenes 426,450 3963.24 2,181 42,423 35,068 16,624 
Computed compression, 
a—b 1 1 1 1 1 
SS 49738 295.5 2181 158 11.47 «13.7 
ie) 
|; 95.0 | 1 1 
Observed compression, __...... 1 foo 16.7 94 
| sox] 


It is obvious that all bodies rotating upon an axis are subject 
to the action of ‘‘centrifugal force,’’ which tends to increase the 
equatorial diameter of a fluid body. The Sun is such a body, 
and it must, therefore, have an equatorial diameter longer than 
its polar, but thousands of carefully made observations have 
disclosed no difference between the diameters. The results for 
the Sun tabulated above show why this is so, for the value of 


the compression derived by my method is only — and this 
gives as the difference of the diameters, in angular measure, only 
0’’.04, a quantity so small that instrumental measures cannot 
well detect it. 

In the case of the Earth, we see that the theoretical compres- 
— while the observed values are x65 and =_— 
the first of these values being that derived from arcs of meridian, 
and the second that obtained from pendulum vibrations. 

The process of condensation continued until the nebulous 
mass contracted to the present dimensions of the Sun, and is 
still in operation, the absolute temperature and the relative 
density of this matter increasing at definite rates, according to 
certain laws, from the extremely small values that I have set 
torth on a preceding page, to an absolute temperature of, 
roundly, 13,400 degrees, Fahrenheit, and a relative density of 
1.4 times the water unit, these being, respectively, the maximum 
temperature and density of the Sun at the present time, the ef- 
fective, radiating, surface temperature of that body being, 
according to five different determinations based upon my theory 
in conjunction with data derived experimentally, roundly, 6,700 
degrees Fahrevheit, or one-half the maximum absolute tem- 
perature aforesaid. My computations in this connection 
indicate, definitely, that between the outermost, roughly annu- 
lar mass of tenuous matter first detached from the superficial 


sion is 
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portion of the primitive nebula, at a distance of between 
38,550 and 12,850 astronomical units from the center of the 
Sun, and the surface of the solar globe at the present time, there 
have been no less than twenty-seven separate and distinct por- 
tions of matter detached, in like manner, and separated by dark 
rifts, or “‘lanes,’’ (as in the yreat nebula in Andromeda) from 
the parent mass, the computed distances at which these masses 
were so separated, together with the absolute temperatures an 
the relative densities at these distances being tabulated in the 
February (1908) number of PopuLAR AsTRONOMY, and all these 
are easily determinable by multiplying the distance 12,850 by 
the factor 0.5774, and the result by the same factor, and con- 
tinuing this operation throughout the whole series of distances, 
there being beyond the orbit of Neptune ten of these distances, 
while within that of Mercury there are eight. Between the orb- 
its of Neptune and that of Mercury, in which are included all the 
known planets of the solar system, there are nine such dis- 
tances, as follows, the first number, in each case, indicating the 
distance at which nebulous matter was detached in, and from a 
portion of, which each planet was subsequently formed by a 
secondary process of condensation, the number connected there- 
with by adash being the present aphelion distance of each planet, 
and in the case of the asteroids, the aphelion distance of the whole 
group; Neptune, 31.0-30.3 ; Uranus, 18.0-20.1 ; Saturn, 10.0- 
10.1; Jupiter, 5.9-5.5; Asteroids, 3.4-3.0; Mars, 2.0-1.7; Earth, 
1.1-1.0; Venus, 0.7-0.7 ; Mercury, 0.4-0.5 ; my results, which 
have been derived through a rigorous, mathematical, analysis 
founded upon my theory of gases and radiation, corresponding 
closely with the known mean distances of these planets and 
with those derived through the application of Bode’s purely 
empirical law of these distances, a fact that, I think, must he 
admitted as remarkable and corroborative of my theory of the 
development of the solarsystem froma primitive gaseous nebula. 
For quite a long time the existence of planetary bodies at two, 
or more, mean distances extending beyond the orbit of Neptune, 
has been suspected, principally by reason of the fact that a con- 
siderable number of comets having aphelion distances approxi- 
mating the mean distances aforesaid, have been observed, and, 
as is well-known, there are certain reasons for suspecting the 
existences of planetary matter at two, or more, mean distances 
within the orbit of Mecury, some observers having claimed to 
have seen small planets in transit across the Sun’s disk, which 
claims are considered by astronomers as not, at all, proven, al- 
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though such eminent and skilled observers as the late Professor 
J. C. Watson, and Professor Lewis Swift were very positive in 
their assertions that they had seen two such bodies during the 
total solar eclipse which occurred on July 29, 1878; but their 
existence has been disputed by other astronomers mainly on the 
ground that such bodies have not left their impress on photo- 
graphic plates exposed during many total solar eclipses which 
have occurred since that date. But I think that this objection 
is not wholly valid and conclusive, as the light by which these 
bodies shone, and which was decidedly red, may not have been 
of sufficient actinic intensity to make a sensible impression on 
the plates during the short time of exposure in any such eclipse, 
as I have pointed out in a communication to PoPpULAR ASTRON- 
omy of June, 1897. 

While, under my theory, I have demonstrated that gaseous 
matter has been detached ‘from the primitive nebula in the man- 
ner described, it does not necessarily follow that any consider- 
able planetary body, or bodies, other than those known, have 
been formed in, and from, the matter so detached, and, in many 
cases, possibly only diffused matter and comparatively small, 
minor condensations such as those now constituting the aster- 
oids and the comets, have had their origin therein and there- 
from. The great intensity of the solar radiation very near the 
Sun’s. surface, and also other perturbative action, must 
preclude such formations there; but that there are comet- 
ary bodies having their origin in the zones of matter detached 
at distances outward trom the mean distances of the asteroids, 
to the outermost zone, between 12,850 and 38,550 astronomical 
units from the Sun’s center, is clearly indicated by the following 
tacts. I have computed the aphelion distance, in each case, for 
all the comets for which elliptical elements have been determined, 
and for which I have been able to gather the necessary data, and 
have found that every one of them—one hundred and ten al- 
together,so far,—reaches to one, or other, of the distances corre- 
sponding to the zones of detached matter aforesaid, from Comet III 
(1864), atadistance of, squndly, 40,000 times the mean distance o 
the Sun, and with a periodic time of 2,500,000 years, and Comet I 
(1863) at 30,000 such astronomical units, and having a period 
of 2,000,000 years, both being in the outermost zone, (these 
having the greatest aphelion distances of all the periodic comets 
that I have investigated) down to Encke’s comet with an aphel- 
ion distance of only 4.1, and the short period of 344 years, and 
also to that anomalous body, Holmes’ so-called ‘tcomet,’’ (which 
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I have claimed to be the result of a collision between two aster- 
oids, or between a minute comet and an asteroid) with a dis- 
tance of 5.1 and a period of 6%4 years. Both of these comets 
have thus aphelion distances that correspond to the distance of 
the detached matter in, and from, which the asteroids have been 
formed, although these two comets have been generally regard- 
ed as members of Jupiter’s family of comets, which, so far as 
my investigation in this connection, has proceeded, includes 
thirty-five comets. Halley’s famous comet, with a_ period 
of 76 years, which is due at perihelion next May and which 
should become visible soon, has its aphelion distance at thirty- 
five astronomical units, it, therefore, under my theory, having 
been formed in, and from, the detached nebulous matter of the 
same zone in which the planet Neptune had its origin, the 
aphelion distance aforesaid, being only five astronomical units 
greater than the mean distance of Neptune, which is a relatively 
small difference when we consider the fact that each zone is of 
very considerable width, which increases with the distance out- 
ward from the present center of the Sun. 
Saint Paul, Minnesota. 
To be continned. 





SEARCHING FOR HALLEY’S COMET. 





JOEL H. METCALF 





FoR POPULAR ASTRONOMY. 


Four attempts have been made at the Observatory at Taun- 
ton to pick up Halley’s comet. The plates were taken as follows: 


Plate center 


1908 R. A. D 
March 5 exposure 238 min. 55 58™ +12 
Oct. 19 240 6 43 +11 20’ 
Oct. 30 300 6 36 +11 20 
Dec. 20 270 5 56 +12 


Nothing was found on these plates that could have been the 
object sought. 

Some account of how they were taken may interest the 
readers of PoPULAR ASTRONOMY. 
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In the first place very careful positions were computed by Mr. 
F. E. Seagrave of Providence from the best obtainable elements. 
These positions were used to find the part of the sky where the 
comet was supposed to be, and also to determine the daily mo- 
tion as accurately as possible. It will be seen that though the 
supposed location of the comet in the sky may be inerror as 
much as a degree or more, the apparent motion of the comet 
in the sky assuming the known motion of the Earth and comet 
could not be much in error from night to night else it would 
soon run off from its ephemeris. 

The daily motion of the comet was wanted for the following 
reason. It was proposed to take a fairly long exposure on the 
region, and theoretically the motion of the comet on the plate 
would be quite considerable during the interval especially in 
December, 1908, when the comet being in opposition, would 
retrograde very rapidly. 

The need of taking this motion into account will be seen 
when one considers that,in December, the comet’s motion to- 
ward the west was equal to that of an average asteroid. 

This may seem strange when one remembers that the comet 
was still at Jupiter’s distance from the Sun. But when it is 
remembered that the motion of the comet is really retrograde 
and not simply apparently so as in the case of the asteroids the 
discrepancy disappears. The conditions in December, 1908, 
were such that if the apparent diameter of the comet was not 
much larger than an asteroid that is equal to an ordinary star 
disk, it would move its own diameter on the plate in from eight 
to ten minutes. 

This implies that every ten minutes let us say the comet 
would be ona new part of the plate, and if it made no impres- 
sion in the first ten minutes, it would make none at all, no mat- 
ter how long the plate was exposed. 

To increase the effective exposure on the comet, the daily 
motion was computed, and that motion given so as to keep the 
comet stationary on the plate, as it would be very difficult to 
separate an extremely faint object of the sort expected from de- 
fects on the plate. Two exposures were taken separated by 
about thirty seconds of arc. 

The exposures therefor varied from 2 to 214 hours for each 
setting, and if a plate contained the object, a careful search 
ought to make its identification sure on a single night. As I 
have said the results were negative, but may be interesting in 
a negative way. 
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The twelve inch doublet used has a field which shows little or 
no deterioration in the star images over four degrees. 

The plates therefor cover the region well over an area at least 
two degrees on all sides of the comet’s predicted position. As to 
the limiting magnitude which one would expect to get, I am 
not so sure. 

Only the very best nights were used for the purpose under 
which conditions I ought easily to photograph stars of 16.5 
magnitude in one hour, asI have said the exposures were from 
2 to 21% times as long as this. 

Perhaps it might be suggested that a way to determine would 
be to find the magnitude of the stars actually on the plate, but 
this would be useless for the stars were trailed (drawn out into 
lines) as the comet theoretically would have been if the plate 
had not been moved during the exposure. 

All one can say is that the plates are clear, the star images 
very sharp and smooth as one expects with good focus and fine 
seeing when the doublet is photographically most effective. 

My conclusion is that if the comet on those dates did not have 
an apparent diameter much exceeding three seconds, and it was 
moving according to its computed motion, it could not have 
been brighter than the seventeenth magnitude and still have been 
within two degrees of its computed place. 

This result corresponds to that obtained at the Yerkes Ob- 
servatory as published by Oliver J. Lee in PopuLar ASTRON- 
omy for March, 1909. 

At first sight it might seem absurd to hope to obtain results 
with a twelve inch doublet to compare with a twenty-four inch 
reflector; the paradox is solved, however, when we remember 
that no attempt was made to follow the comet during the ex- 
posure at the Yerkes Observatory, and that whereas the comet 
would have made a trail on their plates 1144 mm. long, my plates 
would have had all that light expended on the same point of the ; 
plate the diameter of which would depend upon the apparent 
size of the comet. 

' Again it may seem a waste of time to chronicle failures, but 
when it is considered how little we know about the light of 
comets, any evidence even that of a negative sort, may have 
value. 

Taunton, Mass. 
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PLANET NOTES FOR SEPTEMBER AND OCTOBER, 1909. 


Mercury during these months will be in the constellation Virgo, making 
the great loop shown in our diagram (P. A. January 1909). The planet will 
be evening star during September, reaching greatest eastern elongation, 26° 34’ 
from the Sun, on September 16. It will be visible to the naked eye on a few 
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evenings around that date, but will not be at all conspicuous. One must look 
near the horizon a little south of west from a half hour to an hour after sun- 
set in order to see the planet. It will be at inferior conjunction October 11 and 
at greatest western elongation, visible as morning star October 27. 

Venus is evening star now, and will be very brilliant in the western evening 
sky during September and October. The phase of Venus will decrease from 0.82 
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Sept. 1 to 0.64 Oct. 31, while her brightness will increase in the ratio of 68 
to 107. 


Mars will be at opposition Sept. 23, and will be in quite favorable position 
for study of its surface markings. Its apparent diameter will be between 25” 
and 26”, so that it will present quite a good sized disk as seen in the telescope. 
The planet is a little south of the equator in the constellation Aquarius and its 
motion will be slow and retrograde during the greater part of these two 
months. It is much brighter than the stars in that vicinity, so that it may be 
easily identified by its brightness as well as by its strong ruddy color. 

On Sept. 1, Mars will suffer occultation by the Moon. As seen from Wash- 
ington the planet will disappear behind the eastern edge of the Moon's disk, 
76° from its north point at 8" 50", and will reappear at the western edge, 131° 
from the north point, at 9" 47™, eastern standard time. At other places in the 
United States these times will vary because of the different parallax of the 
Moon as seen from the different positions. 


Jupiter will not be in position for observation during these months, being 
at superior conjunction September 18. 

Saturn will be at opposition October 13, and so will be favorably situated 
for study. The plane of the rings is inclined to the line of sight from the Earth 
about 12°, so that the details of the ring structure may be readily seen when 
the atmospheric conditions are good. Saturn is about 15° to the northeast 
from Mars, so the two planets will be a fine pair to study during the autumn. 

Uranus will be at quadrature, 90° east from the Sun, October 10 and may be 
seenin the early part of the night with the aid of a telescope. Its movement 
will be very slow, in Sagittarius, and it will be stationary in right ascension on 
September 26. 

Neptune will be at quadrature, 90° west from the Sun, on October 12. It 


may be found in the morning, with the aid of a large telescope, in the constel- 
lation Gemini. 





Occultations visible at Washington. 


IMMERSION. EMERSION. 

Date Star's Magni- Washing- Angle Washing- Angle Dura- 
1909 Name tude. ton M.T. f'm N. ton M.T. f'm N tion. 

h m ° h m sd h m 
Sept. 1 Mars =i eee 8 42 76 9 39 229 0 57 
3 & Arietis 5.5 9 28 343 9 36 326 0 O08 
9 35 B. Cancri 6.4 18 3! 102 14 24 260 0 53 
21 0 Ophiuchi 3.3 9 O08 143 9 6&2 220 O 44 
25 33 Capricorni 5.3 12 45 120 13 28 190 0 34 
28 33 Piscium 4.7 6 12 73 7 O9 236 0 58 
28 24 B. Ceti 6.0 8 47 113 9 26 181 0 39 
29 26 Ceti 60 7 41 51 8 40 249 O 59 
29 33 Ceti 6.1 11 35 54 12 48 232 1 13 
29 f Piscium 6.1 16 07 70 17 O8 232 1 01 
Oct. 4 412 B. Tauri 5.8 9 48 114 10 29 220 0 41 
9 46 Leonis 5.8 i8 62 152 14 30 237 0 38 
20 o Sagittarii 2.3 7 Ol 40 8 00 303 O 59 
23 143 B. Capricorni 6.1 3 37 15 4 12 315 0O 35 
24 69 Aquarii 5.6 8 08 60 9 25 234 1 17 
24 7 Aquarii 4.4 9 41 30 10 47 262 1 06 
28 é Arietis 5.5 5 42 51 6 33 255 0 51 
28 31 Arietis 5.7 13 2a 33 13 19 262 1 08 
31 121 Tauri §.1 10 22 116 11 O9 209 O 47 
31 132 Tauri 5.0 18 05 156 18 33 203 0 28 
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Saturn’s Satellites. 


_ 


Sept. 16 
17 
18 
19 
20 
22 
23 
24 
25 
26 
27 
28 
29 


I 


Sept. 16 
18 
19 
21 
22 
23 
25 
26 
27 
29 
30 


— 


Sept. 17 
19 
21 
23 
25 
27 


28 


. Mimas. Period 04 22%.¢ 

h 

13.3 W Oct. 1 
12.0 W 2 
10.6 W 3 
9.2 W 4 
7.8 W 5 
16.3 E 6 
14.9 E 7 
13.5 E 9 
12.1 E 10 
10.7 E 11 
9.3 E 12 
7.9 E 13 
6.5 E 14 


. Enceladus. Period 1° 8! 


23.9 E Oct. 2 


8.7 E 3 
18.6 E 4 
2.5 E 6 
11.4 E ‘| 
20.3 E s 
5.1 E 10 
14.0 E 11 
22.9 E 13 
7.8 E 14 
16.6 E 15 
South 


North 
Ill. Tethys. Period 14 21! 
14.0 E Ost. 2 
11.3 E + 
8.6 E 6 
5.9 E 8 
3.2 E 10 
0.5 E 12 
21.8 E 14 
19.1 E 15 


30 


IV. Dione. Period 2° 17%. 


Sept. 16 
18 


21 
24 


5.2 E Oct. 2 
22.8 E 5 
165 E 8 
10.2 E 10 
38 E 13 
21.5 E 16 


) 


2 


1.5 
10.4 
19.3 

41 
13.0 
21.9 

6.8 
15.6 

0.5 

9.4 
18.3 


3 
16.3 


1 
8 
2.4 
‘a 
4 


— th 
a46 


ts 


Oct. 


Oct. 


Oct 


Oct. 


15 
17 


17 
19 
21 
23 
“v0 
27 
29 
30 


19 
21 


24 
27 


29 


h 

69 E 
15.6 W 
14.2 W 
12.8 W 
11.5 W 
10.1 W 
8.7 W 
15.7 E 
14.4 E 
12.9 E 
11.6 E 
10.2 E 
8.8 E 
7.4 E 


3.1 E 
120 E 
20.9 E 
§.8 E 
14.6 E 
23.5 E 
8.4 E 
17.3 E 
2 = 
11.0 E 
19.9 E 





160 E 
13.3 E 
10.5 E 
79 E 
5.1 E 
2.4 E 
23.7 E 
1.0 E 
18.7 E 
12.3 E 
6.0 E 








Comet Notes 











































Saturn’s Satellites.—Continued. 
V. Rhea. Period 44 125.5 





h h h h 
Sept. 2 14.3 E Sept. 16 3.4 E Oct. 4 47 E Oct. 22 5.9 E 
6 27E 20 15.7 E 8 17.0 E 26 18.3 E 
11 15.0 E -25 4.0 E 13 5.3 E 31 6.6 E 
29 16.3 E iF 17.6 E 


VI. Titan. Period 154 235.3 


Sept. 2 13.1 E Sept. 18 10.9 E Oct. 4 84E Oct. 20 85.8 E 
6 16.0 1 22 13.7 I 6 M21 24 8.6 7] 
10 11.8 W 26 95W it 708 28 45 W 
14 7.95 30 5.458 ig 2.953 
VII. Hyperion. Period 214 7".6 
Sept. 4.3 I Sept. 19.8 E Oct. 4.8 S Oct. 21.1 W 
8.8 W 25.5 I 11.0 E 25.9 S 
13.658 30.0 W 16.7 1 
VIII. Iapetus. Period 794 22.1 
Sept. 10.0 W Sept. 29.0 S Oct. 18.4 E Nov. 7.5 I 





COMET NOTES. 





Comet a 1909 (Borrelly-Daniel).—The new comet appears to have 
been discovered independently by Borrelly at Marseilles on June 14 and by 
Daniel at Princeton, N. J., on June 15, and soin the future will be designated 
by the names of both discoverers. 

The best elements at hand for this comet at the time of writing (Aug. 16) 
are probably those by H. Kobold in A, N. 4337: 


T == 1909 June 5.30408 Berlin m. t. 


o= §&° 61° G2” 
Q=305 37 35 } 1909.0 
i= 62 03 44 

log q= 9.925826 


These depend upon observations at Berlin June 16, 20 and 24, and represent 
the middle place within 5”. 
theoretically, only one-tenth as bright as when discovered. Its position for 


Aug. 17 is R.A. 6" 18™ 558, Decl. +70° 30’4. 


The comet is going away from us, and is now, 





Perrine’s Periodic Comet 1896 VII.—In A. N. 4342 Dr. F. W. 
Ristenpart gives three search ephemerides for Perrine’s periodic comet (1896 
VII), computed by Mr. Rosauro Castro from the following elements : 


* = 49° 97.86) 
v 242 26 .49/ 1910.0 
i= 16 41.26) 
? 41 45.75 
ep = 648". 783 
log a= 0.54313 


The three dates used for perihelion passage were Oct. 27.5, Nov. 4.5 and 
Nov. 12.5, the most probable date as determined from the computations being 
Nov. 4.12 Berlin mean time. 
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A telegram received Aug. 14 from H. Kobold at Kiel, Germany, gives the 
position of the comet Aug. 12.4299, Greenwich mean time, as R.A. 0° 17™ 8°, 
Decl. +35° 32’. This position falls almost exactly midway between the places 
assigned by the first two ephemerides, so that the date of perihelion must be 
about Oct. 31.5. 

The following ephemeris is interpolated between the two given in the 
Nachrichten, and will probably enable observers to find the comet, although it 
is very faint. 

EPHEMERIS OF COMET 1896 VII (PERRINE). 


a 6 log A Brightness 
h m 8 2 , 
Sept. 1 1 05 10 +45 03.5 9.7818 2.1 
3 i 22 2 45 57.7 
5 1 17 53 46 50.9 9.7572 2.4 
7 1 24 48 +7 42.6 
9 1 32 O4+ 8 32.5 9.7328 2.8 
11 1 39 43 49 20.2 
13 1 47 48 50 05.7 9.7082 3.3 
15 1 56 20 50 48.4 
17 2 05 18 51 28.0 9.6837 3.8 
19 2 14 45 52 03.8 
21 2 24 40 52 35.5 9.6595 4.3 
23 2 35 02 53 02.5 
25 2 45 52 53 24.5 9.6355 5.1 
27 2 57 06 53 41.2 
29 3 08 44 53 52.2 9.6118 5.7 
Oct. 1 3 20 47 53 56.2 
3 3 33 10 +53 53.4 9.5886 6.7 





VARIABLE STARS. 





Elements and Light Curve of VZ Cygni.—In A. N. 4340 Mr. M. 
Luizet gives the following elements of the variable star VZ Cygni, determined 
from his observations in the years 1906-09. These observations include twenty 
maxima. 

Max. = 2417061.986 (Paris m. t.) +4°.86384 E 
= 1905 Aug. 3 23> 40™ + 44 20" 43™.9 E, 
Mr. Luizet gives the following as his comparison stars : 


Steps Magnitude 
a = BD +42°4247 11.4 8.2 
b= BD +42 4220 4.7 8.9 
d= BD +42 4249 2.8 9.1 
c = BD +42 4225 0.0 9.4 


The light curve is of the 6 Cephei type, the light diminishing during 3.80 days 
and increasing during 1.06 day. The maximum and minimum magnitudes are 
respectively 8".4 and 9".2. 





Maximum of 0 Ceti in 1908.—Mr. Luizet finds from thirty-nine observa- 
tions made in the interval from Sept. 18 to Nov. 28, 1908 that the maxiinum 
of o Ceti (Mira) in 1908 occurred about Oct. 12, and that the magnitude was 
then about 3".6. 





Elements of SV Cassiopeiz (BD +51°3676).—In A. N. 4338 Mr. 
M. Luizet gives as elements of this long period variable 
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Maxima 1907 March 23 + 272°E, 

Minima 1906 Nov. 26+ 272°E. 
Its brightness diminishes for about 155 days, and increases during 117 days, 
At minimum the magnitude is about 9".2. It is not always the same at maxi- 
mum; in Sept., 1908 it reached magnitude 7.5 while in March and NDecember, 
1907, it was only 7".8 at brightest. The color is yellowish red. 








RS Aquarii.—In A. N. 4339 Professor E. E. Barnard gives a number .of 
observations of the faint variable RS Aquarii, and calls attention to the 
fluctuations in the brightness of the star at both maxima and minima. In 
November, 1899, and in August, 1904, the brightness of the star at minimum 
was below magnitude 14, but in Sept., 1908, it went but little below magni- 
tude 13. The period of the star is 213 days. 





Elements of SX Cassiopeiz (BD +54°7).—In A. N. 4339 Mr M. 
Luizet gives the following elements of the variable star SX Cassiopeiae : 
Maximum = 1908 Feb. 114 19" + 364.572 E. 
The light curve is of the 8 Lyrae type, the maxima being slightly unequal. 
The magnitudes at the successive minima and maxima are 
mm, = 9.7, 2h = &*.7, me = 9*.1, Me = 86. 


The secondary minimum occurs 17.5 days after the primary. 





Elements and Light Curve of Y Lacerta.—In A. N. 4342 Mr. 
Naozo Ichinohe of the Tokyo Observatory gives new elements ot Y Lacertae, 
derived from his own observations extending from March 29, 1907 to Jan. 23, 
1909. 

Maximum = 2417615°.76 Gr. m. t. + 47.3254 E. 
The minimum occurs 1°.06 before the maximum, the range of brightness being 
between magnitudes 9.1 and 9.6. 
The comparison stars used by Mr. Ichinohe were 


Magnitude Steps 
a BD +50°3582 8.6 6.6 
b BD-+50 3581 90 2.4 
c BD-+50 3580 9.0 2.4 
e BD +50 3592 9.1 0.0 
f BD+50 3594 8.5 6.4 


The light curve resembles that of 6 Cephei. 


a d d 





LIGHT CURVE OF Y LACERTAE. 
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Minima of Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time beginning with noon. 
Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours.] 


SX Cassiop. 
d h 


Sept. 18 18 
Oct. 25 8 
SY Androm. 
Sept. 13 20 
Oct. 18 17 
U Cephei 
Sept. 2 9 
7 8 

12 8 

i ae 

in § 

27 7 

Oct. oo | 
7 6 

12 6 

se «CUS 

22 & 
ne 

Z Persei 
Sept. 2 16 
8 19 

14 21 

21 0 

27 3 

Oct. 3 6 
9 8 

16 11 

21 14 

27 16 

30 18 

RY Persei 
Sept. 3 2 
16 19 

30 13 

Oct. 14 6 
28 0 

RZ Cassiop. 
Sept. 1 21 
4 6 

6 16 

9 1 

1 638 

13 20 

16 5 

18 15 

21 0 

23 9 

25 19 

28 4 

30 13 


RZ Cassiop. 
d h 





RT Persei 
d h 


Oct. 2 23 «Sept. 20 2 
5 8 ai i6 
7 18 3a iil 
10 3 25 + 
12 12 26 21 
14 22 28 14 
17 7 30 6 
19 16 Oct. 1 23 
22 2 3 26 
24 11 5 9 
26 i 7 1 
29 6 8 18 
31 is 0 ik 
RX Cephei 2 - 
Sept. 27 14 15 13 
Oct. 29 21 17 6 
é ] 
ST Persei 18 23 
Sept i ¢s 20 16 
6 11 22 8 
11 18 24 1 
17 1 25 18 
22 8 ae 6S 
27 #15 29 3 
Oct. 2 22 30 20 
8 5 
138 12 Tauri 
18 19 Sept. 3 22 
24 3 11 20 
29 10 19 17 
27 15 
. Algol Uct. 5 13 
Sept. 1 4 13 10 
6 22 91 8 
12 15 29 6 
18 9 
rs - RW Tauri 
ps Sept. 2 10 
Oct. 5 14 P 7 29 
at 13 11 
7 1 
9° 19 0 
22 19 2 
28 12 24 13 
3 30 2 
RT Persei O¢, 6 158 
Sept. 1 9 11 4 
$ 2 16 17 
4 19 22 6 
6 11 27 19 
8 4 
9 21 RV Persei 
11 14 Sept. 2 14 
13 7 6 12 
14 23 10 11 
16 16 14 10 
18 9 18 8 


To reduce to 


RV Persei RW Geminorum 
i I d 


d 


Sept. 22 7 
26 = «6 

30 5 

Oct. 4 3 
8 2 

12 1 

16 0 

19 22 

23 21 

27 20 

31 19 


RW Persei 
Sept. 3 1 
29 10 
Oct. 25 20 


RS Cephei 
Sept. 6 9 
Oct. 1 5 

26 = 1 


RY Aurige 


Sept. 2 21 
8 8 

i3 19 

i9 6 

24 17 

30 4 

Oct. 5 15 
8 8 

13 19 

19 6 

24 17 

30 4 

RZ Aurige 

Sept. 3 3 
G 4 

15 5 

21 6 

27 «#6©6 

Oct. 3 7 
9 8 

15 9 

21 10 

27 10 


Oct. 


3 
9 
14 
20 
26 


h 
12 
5 
23 
16 
10 


U Columbze 


Sept. 


Oct. 


1 


‘ 
13 
18 
24 
29 

5 
11 
16 
22 


OD rd 


19 
19 
0 
15 
5 
19 
10 
0 
15 
5 


19 


RW Monoc. 


Sept. 


“100 © Ob 


Shee 


mR ho 
m 00 CS s1tS tS 


RX Geminorum 


Sept. 


Oct. 


Sept. 


RW Geminorum 


Sept. i 23 


7 17 
13 10 
19 4 
22 1 
27 18 








6 1 
30 11 
24 21 

RU Monoc. 

1 0 

2 19 

4 14 

6 9 

8 4 
10 0 
11 19 
13 14 

15 9 

17 «4 

18 23 

20 18 
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Minima of Variable Stars of the Algol Type.—Continued. 


RU Monoc. 


Y Leonis 


Sept. 


a 
22 
24 
26 
27 
29 


20 
15 
10 
5 
0 
19 
14 
9 
+ 
23 


RY Geminorum 


Sept. 
Oct. 


R Canis 


Sept. 


Oct. 


4 
23 
11 
30 


18 

9 
23 
13 


Maj. 
6 
12 
19 
1 
8 
14 
21 
3 
10 
16 
23 
5 
12 
18 
1 
7 
14 
20 
3 
10 
16 
23 
5 
12 
18 
1 


‘ 


Y Camelop. 
a h 


X Carine 
d h 


Sept. 


Oct. 


10 
17 
23 
30 

7 
13 
20 
27 


3 
18 
9 
23 
14 
5 
19 
10 
0 


Sept. 


RR Puppis Oct. 


Sept. 


V Puppis 


Sept. 


Oct. 


1 
14 
27 
10 


o-« 
“< 


— 
IN ON 


a 
xo 


21 
24 
27 
30 

3 

6 

9 
11 
14 
17 
20 
23 
26 


29 


20 
16 
13 
10 

6 


5 
3 
1 

23 

21 

18 

16 

14 

12 

10 
8 


0 


X Carine 


Sept. 


14 
16 


to 
DOrN OH 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


QD Cre Co 


aon 


15 
17 
i8 
19 
20 
21 
22 
23 
24 
25 
26 
27 


‘ 

28 
30 
31 


6 


2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
0 
2 


10 
12 
14 
16 
18 
20 
21 
23 


“01 


19 
21 
23 
1 
3 


5 Cancri 


14 


25 13 
14 13 


S Velorum 


Sept. 


Oct. 


a | 


Sept. 


1 
13 
25 


‘ 
19 
30 


15 
12 


eae 


23 


eonis 
1 
5 
8 
12 
15 
18 


21 
6 
15 
0 
9 
18 


d 
22 
25 
28 
31 
Oct. 2 
5 
8 
12 
15 
19 
22 
25 


29 


Sept. 


RR Velorum 


Sept. 2 


5 


U Coronxe 
a h 


& 22 

9 15 

13 9 

17 2 

20 19 

24 12 

28 5 
Oct. a, 2a 
§ 15 

9 8 

13 1 

16 18 

20 13 

24 + 

as 23% 

31 14 

Z Draconis 
Sept. 1 12 
4 6 

6 23 

9 16 

12 »*d 

is 2 

17 19 

20 i232 

23 6G 

35 23 

28 16 
Oct. 1 9 
4 2 

6 19 

2 is 

12 6 

14 23 

17 16 

20 9 

23 2 

25 20 

28 13 

30 6 


Sept. 


Oct 


3 
10 
17 
24 

1 

8 
14 
21 
28 


12 
10 
8 
5 
3 
1 
22 
20 
18 


115.1908 Ophi. 
18 


Sept. 


Oct. 


2 


nooe eR 


NNO doSo wth =) 


116.1908 


Sept. 


Oct. 


Sept. 


Oct. 


2 

6 
lu 
14 
18 
22 
26 
30 

& 

9 
13 
17 
21 
25 
29 


16 
13 
11 


Ophi. 
0 


10 
13 
16 
19 


2 
10 
19 
28 
16 


25 


R Are 


3 
23 
20 
16 
12 

9 


5 


U Ophiuchi 


Sept. 





1 
3 
5 
6 


19 
11 

3 
20 


8 12 
10. 4 
11 20 
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d 
Sept. 13 


U Ophiuchi 
h 


13 
15 § 
16 21 
18 13 
20 6 
21 22 
23 #14 
25 «66 
26 23 
28 15 
30 7 
Oct. i 3 
2 ® 
4 12 
6 4 
7 20 
9 13 
11 ] 
32 2% 
14 14 
16 6 
17 22 
19 14 
21 7 
22 23 
24 15 
26 7 
28 oO 
29 16 
31 8 
Z Herculis 
Sept. 2 10 
6 10 
10 10 
14 10 
18 10 
22 10 
26 9 
30 9 
Oct. 4 9 
8 9 
12 9 
16 9 
20 8 
24 8 
28 & 
RS Sagittarii 
Sept. 2 10 
7 6 
, 12 2 
16 22 
21 18 
26 14 
Oct. 1 10 
6 6 
11 2 
15 22 
20 18 
25 13 








9 


V Serpentis 


Sept. 


RZ Draconis 


d h 
3 12 
10 10 
|: aj 
24 #5 
1 3 
eS i 
14 22 
21 20 
30 18 


Period 13» 


Sept. 


Oct. 


1 8 
3 13 
5 18 
7 23 
106C«G 
13 il 
15 16 
17 21 
20 2 
22 7 
24 12 
26 17 
28 21 
1 2 
os 
5 12 
a ie 
9 22 
12 3 
14 8 
16 12 
18 17 
20 22 
23.6«C« 
25 «68 
27 13 
29 #18 
31 23 


RX Herculis 


Sept. 





Ll Ww 
3 5 
5 6O 
6 18 
8 13 
10 8 
i2 2 
13 21 
15 16 
17 10 
19 5 
aa 8 
22 19 
24 13 
26. «(68 
28 3 
29 21 


RX Herculis 


d h 

Oct. 1 16 
So th 

& 5 

+ © 

8 19 

10 13 

12 8 

14 3 

15 21 

tz 6 

19 11 

21 6 

23 =O 

24 19 

26 14 

28 8 

30 $ 

31 22 

SX Sagittarii 

Sept. 2 18 
6 22 

11 1 

15 § 

19 9 

23 i2 
27-16 

Oct. 1 20 
5 23 

10 3 

14 7 

18 10 

22 14 

26 #15 

31 22 

RR Draconis 

Sept. 1 15 
7 @ 

i2 23 

i8 i168 

24 7 

29 23 

Oct 5 15 
11 6 

16 22 

22 14 

28 6 

U Scuti 

Sept. 1 21 
3 29 

o iF 

7 15 

9 13 

li 

13 8 

15 6 

17 4 

19 2 

21 oO 

22 21 


U Scuti 


Sept. 


Oct. 


d 
24 1 
26 17 
28 15 
30 13 
S ik 
4 8 
6 6 
8 4 
10 62 
a * 
13 22 
15 20 
ay Eo 
19 15 


~) 
“101Go re ¢ 
~~ 
— 


todo bot 


29 + 

31 2 
RX Draconis 
Sept. 1 16 
6 11 

9 6 

13 1 

16 21 

20 14 

25 10 

29 5 

Oct. 2 0 
5 18 

9 13 

13 8 

i7 3 

20 22 

24 17 

28 12 


5 10 
12 14 
19 19 
27 #O 
+ + 
11 9 
18 14 
25 19 


U Sagittae 


Sept. 


Oct. 


3 16 
10 10 
17 + 
23 22 
SU 17 

a. 2 
14 5 
20 23 
27 18 


Minima of Variable Stars of the Algol Type.—Continued. 


SY Cygni 


d h 
Sept. +4 20 
16 20 
28 20 
Oct. 10 21 
22 21 
WW Cygni 
Sept. 3 22 
19 13 
17 «4+ 
23 19 
30 11 
Oct. 
13 17 
20 68 
27 O 
SW Cygni 
Sept. 5 3 
14 7 
23 10 
Oct. 2 14 
ik LT 
20 21 
30 60 
VW Cygni 
Sept. 7 10 
24 #7 
Oct. ii 3 
28 O 


UW Cvygni 


Sept. 1 
38 

15 

21 

28 

Oct. 5 
12 

19 

26 


9 
6 


5 

1 
23 
21 
18 
16 
14 


W Delphini 


Sept. 3 14 
13 5 

22 20 

Oct. = &8 
12 1 

21 16 

31 7 

RR Delphini 
Sept. 1 8 
10 13 

19 18 

28 23 

Oct. 8 3 
is 6h 6S 

26 13 
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Minima of Variable Stars of the Algol Type.—Continued. 








VV Cygni VV Cygni VV Cygni UZ Cygni 143.1907 Andr. 
« h 
d h d h d h d h 
Sept. 1 4 Sept. 21 21 Oct. 12 15 Sept. 11 L Sept. 25 19 
4 3 24 19 156 12 Oct. 12 8 Oct. 1 8 
s 2 27 18 18 11 143.1907 An? 6 20 
10 1 a0 U7 21 10° Sept. 3 It 12 9 
13. O- Oct. 3°16 24 #8 x 2 17 22 
15 23 6 15 ae | 14 18 23 10 
18 22 9 i4 30 6 20 6 28 23 
Maxima of Variable Stars of Short Period not of the Algol Type. 
Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 
the names of the stars. 
SY Cassiop. Y Aurigz V Carinae S Muscae S Crucis 
; d h d h d h d h a + 
Sept. 4 17 Sept. 12 18 Oct. I 21 Oct. 2 23 Oct. 15 22 
8 18 16 14 8 14 12 15 20 15 
12 20 20 11 1S 66 22 6 25 7 
16 22 24 #8 21 23 31 22 30. =O 
21 O 28. 4 28 16 W Virginis 
25 1 a T Velorum T Crucis (—8 5) 
29 3 : ee. (—1 10) (—2 2) Sept. 13 3 
Oct. es > —- =) Sent. 8 96 Gent. 6 © 30 9 
7 6 Sept. 24 16 7 20 12 17 Oct. i7 16 
110 g Oct. 21 16 12 i2 19 11 + ties 
15 10 rey 17 3 26 4 (—1 11) 
19 11 W as ae 21 18 Oct. 2 29 Sept. 2 15 
ea” SCS 26 10 9 16 8 3 
Sa Fy ok kt 16 9 13 15 
4 12 4 ah cea pe 
31 17 9 9 5 16 23 2 1% 3s 
= - 10 8 29 20 
‘ ‘ ae = 2 5 
RW Cassiop. 28 P ° 14 23 30 ‘? 
(—5 19) Oct. 5 22 a= ae 
; 7 7 13 20 19 14 R Crucis Oct. 5 14 
Sept. 7 7 “s . 
22 2 21 18 24 6 ‘ (—1 10) 263 
Oct. 6 22 29 16 28 21 Sept. 1 10 16 14 
21 17 W Carine . s a. 
¢ Geminorum tas 1 0) - at , 2e 14 
RX Aurige | (—5 0 Sept. 3 8 18 22  RTriang. Austr. 
(—4 O) Sept. 10 14 7 a7 24 17% - = 1 0) 
Sept. 9 17 20 18 lz 2 30 13. Sept. 3 10 
21 8 $0 21 16 11 Oct. 6 9 6 19 
Oct. 2 23 Oct. ti 1 20 19 i 10 4 
14 14 21 5 on 4 is 1 13 14 
26 5 31 8 29 i3 23 20 = = 
ie Oct. 3 22 ~~ 3: 
Y Aurige R¥ Camelop. , 23 18 
é I & fF plein Si O77 
_ (0 18) (—9 12) 12 16 S Crucis i 3 ‘ 
Sept. 4 4 Sept. 5 8 a (—1 12) 30 12 
8 0 27 15 17 1 Sept. 3 17 Oct. 3 22, 
11 21 Oct. 16 21 3 8 10 7 7 
15 17 25 19 2s 3 10 16 
19 14 V Cosine 30. 4 17 19 14 2 
23 10 (—2 4) S Musee 22 11 17 11 
27 7 Sept. 5 2 (—3 11) 27 «4 20 20 
Oct. 1 4 11 19 Sept. 4 O Oct. 1 21 24 «66 
5 60 18 12 13 15 6 13 27 15 
8 21 25 4+ 23 7 11 6 31 i) 
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Maxima of Variable Stars of Short Period not of the Algol Type.-Con 
S Triang.Austr. 


d h 

C2 2) 
Sept. 1 17 
8 1 

14 8 

20 16 

ai 0 

Oct. 3 8 
9 15 

16. 23 

22 7 

28 15 
S Norme 

(—4 10) 
Sept. 9 21 
19 15 

29 9 

Oct. 9 3 
18 21 

28 15 
RV Scorpii 
(—1 10) 

Sept. + 6 
| a | 

16 9 

22 10 

28 12 

Oct. 4 13 
10 15 

16 #1€ 

22 18 

28 19 

RV Ophiuchi 

Minimum. 
Sept. 1 14 
5 6 

8 23 

12 15 

16 8 

20 O 

23: 17 

27 9 

Oct. 1 2 
4 18 

8 ll 

iz 6S 

15 20 

19 12 

23 5 

26 21 

30 14 

X Sagittarii 

(—2 2) 
Sept. 3 21 
10 21 

iz 22 

24 22 

Oct. = 
8 23 

15 23 

22 23 


Y Ophiuchi 


d h 
(— 6 5) 
Sept. 5 19 
22 21 
Oct. 9 O 
26 3 

W Sagittarii 
(—3 0) 
Sept. 5 2 
12 16 
20 7 
28 21 
Oct. S “22 
13 1 
20 16 
28 6 

Y Sagittarii 
(—2 2) 
Sept. 2 ‘ 
8 2 
13 20 
19 15 
25 10 
Oct. 1 + 
6 23 
a2. iv 
18 12 
24 6 
30 1 

U Sagittarii 
(—2 23) 
5 7 
13 #19 
20 13 
a | 
Oct. 4 O 
10 18 
17 12 
24 6 
31 0 
8 Lyre 
(—3° 2) 
(—3 7) 
Sept. 8 12 
15 4 
21 10 
28 2 
Oct. 4 8 
11 0 

17 «6 

23 22 

20 + 

«x Pavonis 

(—+ 7) 
Sept. 6 23 
16 #1 

25 3 

Oct. 4 5 
13 8 

22 10 

31 12 


U Aquile 


h 

(—2 4) 
Sept. 6 19 
13 20 

20 20 

27 21 

Oct. 4 22 
aa 622 

18 23 

25 23 


U Vulpecule 


(—2 3) 
Sept. f 98 
156 9 

23 sR 

Oct. 1 8 
9 7 

17 7 

25 6 


(—1 

Sept 2 5 
6 1 

9 22 

13 18 

7 14 

an. at 

25 7 

29 3 

Oct. 2 23 
6 20 

10 16 

14 12 

18 9 

22 5 

26 «(1 

29 22 
n Aquilae 

(—2 6) 
Sept. 1 15 
8 22 

16 3 

23. «7 

30 11 

Oct. 7 15 
14 20 

22 0 

29 4 
S Sagittae 
(—3 10) 
sept. 7 1 
15 10 

23 19 

Oct. 2 5 
10 14 

18 23 

27. «(68 


X Vulpecule 


h 

—2 1) 

Sept. 7 7 
13 14 

19 22 

26 «(6 

Oct. 2 13 
8 21 

15 6 

21 ig 

27 20 


VZ Cygni 


Oct. 


Y Lacertae 


(—1 


V Vulpeculae Sept. 


Minimum 
Sept. 15 11 
Oct. 23 6 

X Cygni 

(—6 19) 
Sept. 13 21 

30 7 
Oct. 16 16 


T Vulpeculae 


(—1 10) 
Sept. 2 0 
S 2 

10 21 

15 8 

19 18 

24 5 

28 158 

Oct. 3 1 
7 ia 

li 22 

16 9 

20 19 

25 6 

29 16 

TX Cygni 

Sept. 9 37 
24 10 

Oct. 9 + 
23 21 

VY Cygni 
(—2 14) 

Sept. 5 20 
13 16 

21 13 

29 10 

Oct. 7 6 
1660 68 

22 23 

30 20 
VZ Cygni 

(—2 12) 

(—3 6) 

Sept. 8 1 
13 1 

17 19 

22 19 

at 12 








Oct. 


Sept. 


Oct. 


V Lacertae 


Sept. 


X Lacertae 


Minimum 
Sept. 5 15 
11 2 

16 12 

22 23 


2 
6 
10 
15 
19 
23 


5 Cephei 


4 
10 


(—1 

5 
10 
15 
20 
25 
30 

5 
10 
15 
20 
25 


30 


2 



















10) 


5 
13 
20 
4 
11 
19 
2 
10 
18 
1 
9 
16 
0 


17 


16) 


CORR RK DN WOwWH HPO 
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Maxima of Variable Stars of Short Period not of the Algol Type. 


X Lacertae 


d h 


Oct. 2 20 
8 7 

13 =#417 

19 + 

24 14 

30 i 


SW Cassiop. 
Sept. 1 8 


SW Cassiop. 
d h 


Sept. 


Oct. 


6 21 
12 10 
17 23 
2a 62 
29 «(1 

4 14 
10 3 
15 16 


Continued. 
SW Cassiop. RS Cassiop. RY Cassiop. 
d h d h d h 
21 5 Sept. 10 9 | (—7 10) 
Oct. 26 18 16 16 Sept. 6 15 
22 23 18 18 
29 7 30 21 
Oct. s 34 Oct... 238 1 
RS Cassiop. i2 8 25 4 
(—1 19) 18 16 
Sept. 4 2 24 23 





Approximate Magnitudes of Variable Stars on Aug. 1, 1909. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass. ] 


Name. 


h 
X Androm. 0O 
T Androm. 
T Cassiop. 
R Androm. 
Y Cephei 
U Cassiop. 
RW Androm. 
V Androm. 
RR Androm. 
RV Cassiop. 
W Cassiop. 
U Androm. 1 
S Cassiop. 
RU Androm. 
Y Androm. 
X Cassiop. 
U Persei 
R Arietis 2 
W Androm. 
o Ceti 
S Persei 
RR Persei 
R Trianguli 
W Persei 
Y Persei 3 
R Persei 
T Camelop. 4 
X Camelop. 
R Aurigae 5 
S Camelop. 
S Lyncis 6 
R Lyncis 
X Urs. Maj. 8 
Y Draconis 9 
R Urs. Maj. 10 
R Comae 11 
T Can. Ven. 12 
T Urs. Maj. 
R Virginis 
RS Urs. Maj. 
S Urs. Maj. 
T Urs.Min. 13 
R Can. Ven. 





R.A. 
1900. 


7 
21.7 
31.0 
43.2 
20.9 
23.7 
30.4 
32.6 

9.2 
30.2 
35.9 
53.0 
33.7 
31.1 
37.6 
59.1 
25.2 
31.8 
33.4 
34.4 
39.6 
32.6 
44.6 


deci. Magn. Ne a 

1900 —— — 1800. — — 

° 4 h m bs . 
+46 27 8.07 U Urs. Min. 14 15.1 +67 15 11.0; 
+26 26 10.97 S Bootis 19.5 +54 16 12.07 
+55 14 11.37 R Camelop. 25.1 +84 17 9.0; 
+38 1 11.07 V Bootis 25.7 +39 18 7.2 
+79 48 11.5 R Bootis 32.8 +27 10 11.07 
+47 43 <12 V Librae 34.8 —17 14 10.8 
+32 8 9.0; U Bootis 49.7 +18 6 10.27 
+35 6 11.01 RT Librae 15 0.8 —18 21 11.5; 
+33 50 11.47 T Librae 5.0 —19 88 11.6 
+46 53 <12  Y Librae 6.4 — 5 388 11.4d 
+58 1. 9.51 3S Librae 15.6 —20 2 10.0; 
+40 11 <12_ S Serpentis 17.0 +14 40 9.8; 
+72 5 <14 S Coronae 17.3 +31 44 10.6d 
+38 10 <12 RS Librae 18.56 —22 33 12.2d 
+38 50 <12 RU Librae 27.7 —14 59 10.8d 
+58 46 9.2d S Ur-.Min. 33.4 +78 58 10.1d 
+54 20 10.8d U Librae 36.2 —20 52 10.0 
+24 36 7.5 R Coronae 44.4 +28 28 10.0; 
+43 50 8.27 X Coronae 45.3 +36 49 12.0d 
— 3 26 7.0 7 V Coronae 46.0 +39 52 11.8d 
+58 8 10.0 R Serpentis 46.1 +15 26 7.8d 
+50 49 11.7d R Librae 47.9 -15 56 102i] 
+33 50 9.27 RR Librae 50.6 -—-i8 1 996i 
+56 34 11.5d Z Coronae 52.2 +29 32 9.07 
+43 50 8.87 RZ Scorpii 58.6 —23 50 863 
+35 20 9.07 ZScorpii 16 0.1 —21 28 8.8d 
+65 57 10.6d RR Herculis 1.5 +50 46 8.8 
+74 56 10.07 R Herculis 1.7 +18 38 <12 
+53 28 11.0d U Serpentis 2.5 +10 12 10.53 
+68 45 9.0d X Scorpii 2.4 —21 16 11.0 
+58 0 9.07 RX Scorpii 5.9 —24 38 10.2 
+55 28 13.5 RU Herculis 6.0 +25 20 <12 
+50 30 10.57 R Scorpii 11.7 —22 42 <12 
+78 18 <12_ S Scorpii 11.7 —22 39 11.5 
+69 18 #£=7.6d W Coronae 11.8 +38 3 11.6d 
+19 20 8.2 7 W Ophiuchi 16.0 — 7 28 10.81 
+32 3  9.8d V Ophiuchi 21.2 -—12 12 8.0 
+60 2 8.0d U Herculis 21.4 +19 7 11.07 
+ 7 32 1157 Y Scorpii 23.6 —19 8 10.0 
+59 2 9.87 SS Herculis 28.00 +7 8 10.07 
+61 38 19.0d T Ophiuchi 28.0 —15 55 <12 
+73 56 12.07 S Ophiuchi 28.5 —16 57 <12 
+40 2 10.57 W Herculis 31.7 +37 32 9.2d 
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Approximate Magnitudes of Variable Stars on Aug. 1, 1909—Con. 


Name. R. A. Decl. Magn. Name. R. A. Decl. Magn. 
1900." 1900 1900. 1900. 
h m ° ° h m ° a 

R Draconis 16 32.4 +66 58 82 R Delphini 20 10.1 + 8 47 <12 
RR Ophiuchi 43.2 —19 17 12.07 U Cygni 16.5 +47 35 7.0 
S Herculis 47.4 -+15 7 8.07 Z Delphini 28.1 +17 7 <12 
RV Herculis 56.8 +31 22 <12 ST Cygni 29.9 +54 38 9.0 
R Ophiuchi 17 2.0 —15 58 10.67 S Delphini 38.5 +16 44 11.0 
Z Ophiuchi 145 + 1 37 9.2 Y Aquarii 39.2 — 5 12 <12 
RS Herculis 17.56 +23 1 <12- T Delphini 4U.7 -+16 2 11.0 
RS Ophiuchi 44.8 — 6 40 11.5 W Aquarii 41.2 — 4 27 11.8 
RY Herculis 55.4 —19 29 12.0 V Aquarii 41.8 + 2 4 86 
V Draconis 56.3 +54 53 <12  U Capricorni 426 —15 9 <12 
T Herculis 18 5.3 +31 O 11.87 V Delphini 43.2 +18 58 <12 
W Draconis 5.4 +65 56 9.87 T Aquarii 44.7 — 5 31 10.0 
X Draconis 6.8 +66 8 <12 RZ Cvygni 48.5 +46 59 <12 
RY Ophiuchi 11.6 + 3 40 12.0 X Delphini 50.3 +17 16 9.0 
W Lyrae 11.5 +36 38 10.87 R Vulpeculae 59.9 +23 26 7.8 
SV Herculis 22.3 +24 58 11.27 Z Capricorni 50 —-16 35 10.8 
T Serpentis 23.9 + 6 14 <12 RSAquarii 21 5.7 — 4 26 98 
RZ Herculis 32.7 +25 58 9.414 TCephei 8.2 +68 5 7.21 
X Ophiuchi 33.6 + 8 44 7.0 R Equulei 8.4 +12 23 9.0 
RY Lyrae 41.2 +34 34 12.0 RR Aquarii 98 —3 19 88 
RW Lyrae 42.1 +43 32 <12 X Pegasi 16.3 +14 2 98 
RX Lyrae 50.4 +32 42 <12  T Capricorni 16.5 —15 35 10.0 
Z Lyrae 56.0 +34 49 <12 Y Capricorni 28.9 —14 25 <12 
RT Lyrae 57.8 -+37 22 <12 SCephei 36.55 +78 10 82i 
R Aquilae i9 16 + 8 5. §.57 RR Pegasi 40.0 +24 33 <12 
RW Sagittarii 8.1 —19 2 11.0 V Pegasi 56.0 + 5 38 8&6 
RX Sagittarii 8.7 --18 59 <12  U Aquarii 57.9 —17 6 11.5 
W Aquilae 10.0 — 7 13 8.57 RT Pegasi 59.8 +34 38 12.0 
T Sagittarii 10.5 —17 9 9.0: T Pegasi 22 40 +12 3 <12 
R Sagittarii 10.8 —19 29 <11.8 Y Pegasi 6.8 +13 52 <12 
S Sagittarii 13.6 —19 12 <12_ RS Pegasi 74 +14 4 11.2 
Z Sagittarii 13.8 —21 7 11.07 X Aquarii 13.2 —21 24 11.8d 
TZ Cygni 13.4 +50 0 10.0 RT Aquarii 17.7 —22 34 11.2d 
U Lyrae 16.6 +37 42 11.6d S Lacertae 24.6 +39 48 10.07 
T Sagittae 17.2 +17 28 9.8 R Lacertae 38.8 +41 51 11.4d 
TY Cygni 29.8 +28 € 10.8 S Aquarii 51.8 —20 53 <12 
RT Aquilae 33.3 +11 30 11.9 RW Pegasi 59.2 +14 46 <12 
R Cygni 34.1 +49 59 7.8 R Pegasi 23 1.6 +10 0 <12 
RV Aquilae 35.9 + 9 42 <13  V Cassiop. 7.4 +59 8 998i 
RT Cygni 40.8 +48 32 8.0 W Pegasi 14.8 +25 44 12.0 
4 Aquilae 46.5 + 4 13 12.0 S Pegasi 15.6 + 8 22 11.5 
x Cygni 46.7 + 32 40 6.2d ST Androm. 33.8 +35 13 10.0 
RR Aquilae 52.4 211 9.8 R Agquarii 38.6 “43 50 7.31 
RS Aquilae 53.7 — 8 9<12 Z Cassiop. 39.7 +56 2 10.0 
Z Cygni 58.6 +49 46 8.07 RR Cassiop. 50.7 +53 8 11.8d 
SY Aquilae 20 2.3 412 39 9.5 Z Aquarii 47.1 —16 25 10.0 
S Cygni 3.4 +57 42 <12 V Ceti 52.88 — 9 31 11.2 
S Aquilae 7.0 +15 19 10.0 R Casssiop. 53.3 +50 50 <12 
RU Aquilae 8.0 +12 42 <12 Z Pegasi 55.0 +25 21 11.2 
W Capricorni 8.6 -—22 17 10.0 Y Cassiop. 58.2 +55 7 9.4d 
Z Aquilae 9.8 — 6 27 10.8 


The letter 7 denotes that the light is increasing; the letter d, that the light 
is decreasing; the sign <, that the variable is fainter than the appended mag- 
nitude. The above magnitudes have been compiled by Mr. Leon Campbell of 
the Harvard College Observatory from observations made by him at Eroton, 
New Hamisphere. 
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GENERAL NOTES. 





Stellar Spectra from Yerkes Observatory. By favor of Professor 
Frost, director of Yerkes Observatory, we gives as frontispiece the spectra of 
m Leonis and a BoGtis (Arcturus). 

The white lines are due to titanium vaporized by an electric spark in front 
of the spectrograph. They furnish reference points on every plate. The dark 
lines on light background are in the spectrum of the star. From the lack of 
perfect coincidence of the titanium lines in spark and star, the velocity of tho 
star may be inferred, after positions of lines have been measured to one twenty- 
five thousandth of an inch. After correcting for the Earth’s velocity (in its 
orbit around the Sun), the above stars are found to have speeds as follows :— 

For a Bo6tis, the measured radial velocity on the plate was —17-8 km., 
which is 11 miles per second. The reduction to the Sun at that time was +13.5 
km. giving the actual radial velocity of the star as —4.8 km. For 7» Leonis 
the measured radial velocity was +28.6 km.; reduction to the Sun, —26.1 km.; 
radial velocity of the star, +2.5 km., respectively, about 3 miles per second 
of approach and 2 miles per second of recession. 

The plate of » Leonis was taken on April 19, 1902, and that of Arcturus 
on March 13, 1902. 





British Association for the Advancement of Science. The 1909 
meeting of this association is to be held at Winnipeg Aug.25—Sept. 1. ‘This 
is the third time that the association has held its annual meeting in the domin- 
ion of Canada. Twenty-five years ago the first Canadian mecting was held in 
Montreal. Thirteen years later, in 1897, advancing a stage further westward 
the association, met at Toronto. This year the place of meeting will be at 
Winnipeg, the Gateway City, as it has been called, of the Canadian Northwest.”’ 

“The president of the association at Winnipeg will be Sir Joseph J. Thomp- 
son, F. R. S., Cavendish professor of experimental physics at Cambridge. In 
his opening address the president will refer to the importance of original re- 
search as a means of education, the advantages and disadvantages as a train- 
ing for work in science of the systems of education now in force in our schools 
and universities. He will deal with the light thrown by recent investigation on 
the nature of electricity : on the relation between matter and ether and the 
part played by the ether in modern physics; and a discussion of some problems 
raised by the discovery of radium.” : 





Telescope and Library for Sale. The books and telescope described in 
the July-August number of PopuLAR AsTRONOMy, belonged to the late Mr. Pereira, 
an enthusiastic variable star observer of Ponta Delgada, Azores. His widow, 
who regrets the necessity of selling them, would be very glad to find a pur- 
chaser among your readers. All communications should be addressed to Col. 
F. A. Chaves, P. O. Box 50, Ponta Delgada, Azores, and not to the under- 
signed as last number wrongly stated. WILLIAM H. PICKERING. 





Professor Newcomb’s daughter, Mrs. Anita Newcomb McGee, 1620 
P Street, Washington, is engaged in the preparation of a biography of her 
father, and will be most appreciative of any assistance which his friends may 
render, such as by sending her letters from him (which will be carefully copied 
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and returned), or by furnishing any information about his life, ance dotes illustra- 
tive of character, etc. (Science, July 30, 1909.) 





A Bronze Memorial Tablet in honor of the late Dr. George W. Hough 
has been unveiled with appropriate exercises in the Dearborn Observatory of 
Northwestern University. 





A Meteorological and Astronomical Observatory station at an 
altitude of about 14,000 feet is to be erected on Mount Whitney, California, 
by the Smithsonian Institution. The work of preparing the trail up the moun- 
tain over which the material will be transported by pack mules is already under 
way. It is expected that the station, which will be temporary, will be com- 
pleted by the first of September. (Science, July 30, 1909.) 


* 
— 





Dr. Fritz Cohn, astronomer in the Observatory at Kénigsberg, has been 
called to a chair of astronomy at Berlin. 





The Smithsonian Institution of Washington will erect on the very 
summit of Mount Whitney, California, (altitude 14,500 feet) an observatory 
which will enable investigators to study atmospheric conditions at great eleva- 
tions and in clear skies. The observatory will be erected from the Hodgkins 
fund, and will comprise a three room structure of stone substantial enough to 
stand for centuries. (Scientific American, July 17, 1909.) 





Mr. F. H. Seares has resigned the position of professor of astronomy 
and director of the Laws Observatory of the University of Missouri, to become 
superintendent of the computing division of the Mount Solar Observatory of 
the Carnegie Institution. (Science, July 16, 1909.) 





Dr. John A. Miller, professor of mathematics and astronomy at Swarth- 
more College, is spending the summer at the Lick Observatory, measuring the 
photographs of the solar corona at that place. The new photographic teles- 
cope of nine inches aperture, the first part of the astronomical equipment given 
to Swarthmore by Senator William C. Sproul, was installed this year in the 
new observatory provided for it. 

The observatory of Dorpat, Russia, has requested copies of the photographs 
of the Morehouse Comet, made on Oct. 14, 15, 16 and 17, at the Sproul Ob- 
servatory, Swarthmore College. These photographs will be published in the 
proceedings of the Russian observatory. (Science, July 16, 1909.) 





Forty-Inch Reflecting Telescope. The daily papers report that a 
reflecting telescope with a mirror of forty inches has been shipped from Cam- 
bridge to Flagstaff, Arizona, for Mr. Percival Lowell's Observatory. It is 
designed for planetary photography, and will first be used in photographing 
Mars when the planet will be nearest the Earth next month 

(Science, August 13, 1909.) 





Chance of Collision with a Comet. In Professor Pickering’s article 
in the last number, titled as above, the statement appears that eight-tenths of 
all the possible comets were eliminated owing to the “latitude of the aphelia 
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of their orbits.’ Through an oversight this was printed, and it is due Prof- 
essor Pickering that we note that it should have read declination of their 
radiant instead, though the error was obvious, and really of little consequence 
as far as it bears on the contents of the article. 





Aurora. The night of July 23rd, from an hour and a half after sunset 
(8:45) until after midnight, there was a fairly bright, simple aurora. It first 
appeared in the north as a long white arch about ten degrees high. By nine 
this had become double and, while its sharp lower edge was going still lower 
in rapid waves, bright streamers appeared in many places, and could be traced 
from the bottom of the arch half-way to the zenith. This activity soon ceased 
and from 9:15 until 10, the display consisted of alow, broad arch of blotches, 
the result of the constant addition of half arcs below. A little before ten, there 
were a few short, well-defined streamers high in the northeast moving rapidly 
west. Then, shortly after ten, came the climax when the display formed a long 
beautiful arch in the north, with a slight tinge of red on the under side. After 
the further addition of minor arcs below, this finally became a very broad 
steady light. 

At about eleven a new phase developed. A narrow band showed up rising 
from the eastern horizon and extending through the zenith toward the west. 
As bright as the Milky Way, studded at the crossing above by the white star 
Vega and at its eastern base by the red Mars, and traversed occasionally by 
the trains of meteors, this great white cross was a magnificent sight for almost 
an hour. It shifted but slightly, and faded away about midnight leaving only 
the northern twilight of the aurora. The next day there was a sun-spot just 
past the center of the Sun’s disk and visible to the naked eye. 

Charlevoix, Michigan, 
July 23, 1909. 


CHARLES F. Brooks. 





Aurora. The night of August 8th, there was a moderate, colorless aurora.’ 
The best of the display was just before ten. At that time che lights, which had 
included some streamers, collected into a narrow, graceful arch with a faint 
double above. Soon a new are appeared in the dark below, and as soon as it 
brightened, streamers flashed out from several places above. Then the lower 
are rose and with the other one formed a soft, broad, flat band of bright spots 
in the north, each having its own set of streamers. Together these presented 
the appearance of hazy folds of the bottom of some great curtain. As this 
melted into a continuous arch, a bunch of dim streamers rising from the north- 
western horizon at the end of the arch finished this interesting part of the dis- 
play. At 11:45, the arch, almost hidden by a cloud-bank, was again emitting 
streamers. This aurora was sixteen days after that of July 23rd, a little more 
than half the period of the Sun's rotation. 

Wayzata, Miinesota, 

August 8, 1909. 


CHARLES F. BROOKs. 





Celestial Charts by J. Palisa and M. Wolf. In the beginning of the 
month of August, the second series of the celestial charts (twenty sheets) will 
be published and some time afterwards the third series follows. 

The price for the second series amounts to $7.50, if it is ordered of me and 
before the end of the month of November. At the bookseller’s the price is $8.75. 
After the end of November, one copy costs $10. 


Vienna, Austria. J. Pauisa, Astronomer. 
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The Astronomy of Mars. Not a few conservative astronomers are 
thinking that something ought to be said and done to presevere the integrity 
ot the astronomy of Mars. It is true that the science is in danger of being mis- 
represented, especially in regard to present possibilities of communication be- : 
tween Mars and the Earth, which of late has been advocated from a basis 
that does not even seem scientifically plausible. 

We do not say that great discoveries in the art of communication through 
great distances may not be made sometime in the future, but we do say 
that no such thing now is possible, by the aid of the most refined appliances 
known to modern science, and that money given for any such ambitious enter- 
prise is worse than thrown away. 





Seares’ Practical Astronomy for Beginners. Frederick Hauley 
Seares, professor of astronomy in the University of Missouri, and director of 
the Laws Observatory, has just published a practical astronomy for beginners 
which is planned admirably for the purpose intended. It is quarto in form, and 
contains 134 pages with cuts to aid in illustrating some fundamental relations, 
not easily grasped by the beginner without some such help. 

It is noticed in the preface that it is the author’s intention to publish later 
another edition which will make seme parts of the book fuller and more com- 
plete in particulars well-known to him as a practical astronomer. 

A strong point in this new text is the clear and concise definitions, in lan- 
guage so well chosen that experienced teachers of astronomy need not change 
them, and others will easily understand and apply them. Another feature that 
impressed us as we read the book carefully, was the way the author presents 
the theory of the various themes discussed. His method is purely scientific. It 
is rigorously exact without being encumbered with details. The mathematics 
used are such as will interest every student who is prepared to undertake the 
study of the elements of practical astronomy with the firm purpose of laying 
a foundation for knowledge in the science that will have practical, useful and” 
original worth for him in future life. The one thing most to be regretted in 
the preparation of students tor work in practical astronomy, in later years, 
is the fact that they do not get enough mathematics to enable them to study 
the important problems of the science independently. Too often they are oblig- 
ed merely to copy exercises in the books, or to use standard formulae said to 
be appropriate for the results wanted without knowing certainly whether or 
not all conditions are fulfilled in any necessarily rigorous method. Protessor 
Seares has anticipated these things well in our judgment in beginning the study 
of these fundamental astronomical problems. 

Until recently, in books of this kind, it has not been usual to give any his- 
torical data in connection with topics under discussion, but we notice in this 
: new book, Professor Seares has done so, thereby helping to hold the interest of 
the student in his study by the aid of these instructive side lights. Professors 
Ball and Moulton in their books have availed themselves of this feature with 
manifest success. No one can read Ball’s History of Mathematics or Moulton’s 
astronomy without feeling and appreciating the lasting benefits thus casually 
turnished. 

The seven chapters of this new book deal consecutively with the celestial 
sphere and its codrdinates; the formulae of spherical trigonometry, transforma- 
tion of co6rdinates and general discussion of problems; time and time trans- 
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formation; instruments and their use; the determination of latitude; the deter 
mination of azimuth; and the determination of time. 

In each of these chapters, the theory of the topic, as before suggested, is 
stated carefully and well, then follows the mode of procedure to obtain desired 
results. The exercises, illustrations, mathematical checks and suggestions found 
in the text are enough to guide the student well without making him too de- 
pendent on them for his own best thinking. 





Death of Professor Newcomb. It was asad day for science. when 
on July 11, 1909, the telegraph flashed the news to the world that Professor 
Simon Newcomb had passed away. He has been long such a prominent figure 
in the scientific world, abroad as well as at home, that his name has been a 
household word, and he has been revered and highly honored for what he has 
done for science in helping to settle some of its great questions that have been 
taxing master minds of the present day. 

We are fortunate in having already in hand a fine biographical sketch of the 
life and scientific work of Professor Newcomb by Dr. T. j. J. See, director of 
United States Naval Observatory, Mare Island, California. Some of the family 
friends asked Dr. See to write this article. and the illustration accompanying it, 
is one of their own choosing. 





International Solar Union. From the Pasadena News (July 12) we 
notice that the International Solar Union is to meet in Pasadena in 1910, prob- 
ably in the month of August. This decision was reached at a meeting of the 
executive committee of the Union recently held in Rome. 

The International Solar Union may be new to many of our readers, anda 
word of explanation helpful to them. It is simply a society formed among 
astronomers interested chiefly in work and study of the Sun. The first prelim- 
inary meeting was held in St. Louis at the time of the World’s Fair at that 
place. The next meeting was held at Oxford, England, and the last meeting at 
Paris two years ago. 

It is planned now forthe meeting at Pasadena to continue for about ten 
days, some of the sessions to be held on Mt. Wilson during the time. It is ex- 
pected that such prominent astronomers as Sir David Gill of London, Professor 
H. H. Turner of Oxford, Protessor Schuster of Manchester, Professor Kayser of 
Bonne, Professor Newell of Cambridge and others will be present at the meet- 
ing of the Union next vear. 





The HookerGlass of Mt. Wilson Solar Observatory. Our readers 
will remember that some reference was made to the fact that the 100-inch 
Hooker glass for the great reflector of Mt. Wilson Solar Observatory was 
found to be unsatisfactory while in the process of grinding it. It was necessary 
to have another cast. 

When Professor Geo. E. Hale, the director of the Solar Observatory, was 
in France recently, he stopped at the glass works at St. Gobaine, and learned 
that preparations were being made to cast the new Hooker 100-inch glass mir- 
ror. That the new furnaces, annealing ovens and other accessories were then 
nearly ready for the first casting. 

It is to be hoped that the casting will be successful this time. It is no easy 
task to cast a glass of that size successfully. If we remember rightly, it took 
nineteen trials to get one of the disks of the objective of the great Lick 
telescope. 
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American Astronomical Society is the new name proposed for the 
Astronomical and Astrophysical Society of America, a change which a large 
part of the membership of the society will be likely to prefer for obvious rea- 
sons that need not be named. 





Astronomical Work Outlined at the Last Paris Conference. 
The astronomical work outlined at the last meeting of the I’aris conference 
was given to five committees. 

The first committee was tocollect information and report on the state of 
the work. A partial report of this committee was given at the conference. It 
related to zone work before assigned. In one case nothing had been done. 
That zone was given to others to do. In another zone help was needed and it 
was provided. It was noticed that the work in the different star zones was 
not being done in a uniform way. A committee was appointed to make a true 
photographic scale, starting from the average visual ninth magnitude star as 
the origin, and going up by regular steps through all the higher magnitudes. 

The second committee discussed errors from optical causes. This committee 
favored the use of the Pleiades cluster for thepurpose of studying instrumental 
errors, because the places of its component stars have been so well determined. 

Another plan has been suggested by some astronomers that seems to be a 
good one, because more widely useful. It relates to reference stars to be used 
as the basis{of precession star catalogues. Fundamental stars are to be so 
selected that there shall be one star in each twenty-five square degrees through 
the sky, so that there will be 1,200 stars distributed all over the sky. These 
would be the best observed stars, and they would be re-observed at the princi- 
pal observatories which are supplied with reversible circles, with all the pre- 
cautions toget fundamental places ina really fundamental way. The next stepin 
the plan is to given attention to what are called intermediate stars. The places 
of these stars would be made to depend on the fundamental stars. It is a vast- 
ly different thing to get the places of stars that way, than it is to do the work 
of the fundamental stars. 

The question of magnitude of the intermediate stars as related to precession 
place is an important one. It is advised that eighth, ninth and tenth magni- 
tude stars should be observed with wire screens to reduce all to the same ap- 
parent magnitude for getting exact places. Other important suggestions were 
made in various lines of work. 





Greenwich Royal Observatory. The report of the astronomer royal, 
W. H. H. Christie, is always an interesting document. The one last made to 
the Board of Visitors is especially note-worthy for the useful information it gives 
in various ways. 

Mr. Cowell and Mr. Crommelin have finished their computations on 
Halley's comet until its re-appearance. The date set for the comet’s return to 
perihelion, in the last report from the Greenwich Observatory was April 8, 
1910. This depended on calculations for the revolution, 1759-1835. Since 
then the perturbations for that revolution have been computed anew, and the 
Jupiter perturbations for the first quadrant of the revoluticn, 1835-1910, have 
been re-computed. The effect of this later work changes the date of perihelion 
passage from April 8 to April 13. 

We are especially glad to notice that the motion of the comet from 1759 to 
1919 has recently been investigated by a new and entirely independent method, 








462 General Notes 





using mechanical quadratures for the comet’s rectangular codrdinates, instead 
of supposing it to move in a perturbed ellipse. The result of this work is to 
postpone the date of perihelion passage only three days, making the date 
April 16. 

These astronomers have reason to think and hope that they are very close 
to the true date when Halley’s comet, next time, will be nearest to the Sun, 
unless some unforeseen condition intervenes of which account could not be taken. 

Work has been done on a search ephemeris at Greenwich and elsewhere, and 
some visual and some photographic work in searching for the comet has been 
accomplished, but without success up to the present time. 





Meteorological Photography. We find in & recent number of the 
British Journal of Photography an interesting paragraph on meteorological 
photography. It is given below in full:—“Types of clouds and of lightning 
flashes compose the chief portion of this section of the Dresden Exposition. 
Those of the former subject by Mr. C. P. Butler, are of cloud studies taken in 
a mountain district of South India, and, apart from their scientific value, are 
pictorially interesting. Another very interesting photograph by Mr. Butler is 
the enJarged photograph of an exploding meteor. Types of the higher and 
lower clouds, and of cloud movements are shown by George A. Clarke of the 
Aberdeen Observatory, and the cloud photographs also shown ky A. G. von 
Obermayer, of Vienna, are excellent specimens of beautiful, technical photog- 
raphy applied to this purpose. Sir William J. Lockyer shows phptographs of 
“black lightning’? and of various types of clouds. Of another character, but 
equally interesting in its way, are photographic records of magnetic disturb- 
ances exhibited by Stonyhurst College, Blackburn. Dr. Vaughan Cornish shows 
a number of his well-known photographs of wave and ripple formations in 
Nature. Lightning photographs are also shown by J. Howden Wilkie, Paul 
Georgi and ProfessorWalter. Of particular interest from a meteorological 
stand-point are the photographic records of barometer readings, shown by 
Professor Toepler. The photographs show the great delicacy of the recording 
instrument, 130 millimeters on the print corresponding with one millimeter of 
pressure of the mercury barometer. Mr. John Tennant contributes a few 
stereoscopic photographs of clouds made with a telephoto lens, which supply 
a very effective idea of the size of cloud structures.” 





Spectrum of o Ceti. Some time ago Professor Alfred Fowler presented 
a paper to a meeting of the Royal Astronomical Society which gave an interest- 
ing account of some experiments relating to the study of the spectrum of ¢ Ceti. 
Professor Fowler used a photograph of the spectrum of o Ceti obtained from, 
and lent to him by Mr. Slipher of the Lowell Observatory, Flagstaff, Arizona. 
It had been previously shown that the spectra of the Antarian, or third type, 
stars are produced by the absorption of titanium oxide. Professor Fowler 
wished to verify this claim, and the o Ceti spectrum gave fine opportunity for 
the test because the spectrum extends from the extreme visible red to the violet. 
A photograph of the spectrum of the oxide was carefully made and the two 
spectra were adjusted for comparison, and their lines throughout were for the 
greater part identical. The resemblance was so strong that the results were 
received with much satisfaction and favorable commnent. 
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Solar Parallax by Eros. Mr. A. R. Hinks, of the Royal Astronomical 
Society, after nine years of study and work on {the parallax of the Sun from 
many photographic observations of Eros from the principal observatories of 
the world at the opposition of 1900-1901, has recently published the final deter- 
mination of this important constant. It is 

x = 8”.807 + 0.0028. 
A divergence of results from different observatories was noticed in the progress 
of the computation. It was decided that the variation was due to the difference 
of the magnitudes of the comparison stars. 





Barnard’s Photographs of the Milky Way. Our readers will re- 
member that we have published some of the exquisite photographs of the Milky 
Way made by E. E. Barnard of the Yerkes Observatory, by the aid of the Bruce 
Photographic telescope. In this field of photographic work it is acknowledged 
that Mr. Barnard is a particularly successful pioneer. He spent years in pro- 
jecting and completing a photographic telescope that would reach the delicacy 
of definition and the breadth and flatness of field that would catch and truly 
record considerable areas of the sky at one exposure of the large sensitive 
plates. In this he has succeeded remarkably well, for, by this photographic 
telescope, he can get photographs of the Milky Way, showing good definition 
over a field of fifty square degrees. 

In 1905 Mr. Barnard spent nine months with this instrument on Mount 
Wilson in California, at an altitude of nearly 6,000 feet, to get photographs of 
the Milky Way in its southern portions especially, because these parts can not 
be reached from the observatory at Lake Geneva. 

Astronomers will be pleased to know that a grant of money has been made 
by the Carnegie Institute at Washington for the publication of the photographs 
of the Milky Way made by Mr. Barnard at Mount Wilson and at Lake Geneva. 
Work on this atlas is now going forward. 





The Astronomical and Astrophysical Society of America held 
its tenth annual meeting this year at the Yerkes Observatory, Williams 
Bay, Wisconsin, August 18-20, 1909. A full report cannot be given in this num- 
ber, but will appear in the October number. We have space this month only for 
outlines of a few of the papers presented. 


Present Needs of Astronomy 
By Epwarp C. PICKERING. 


One of the greatest needs of astronomy at the present time is a number of 
small grants, not exceeding a thousand dollars each, which could be used with 
the sole object of securing the greatest scientific return. If made to the larger 
observatories, careful organization and syscem would permit a large amount 
of routine work to be secured. If made to a small observatory, or to an ama- 
teur, the skill and experience of an expert in his own specialty might be secured, 
with results far beyond those which could be obtained by another astronomer, 
however skillful in other lines of work. The only way to supply such needs is 
to make them known. Members of the society are invited to send the writer 
examples ot such researches. For instance :—Professor Bailey is now studying 
the climate of South Africa, perhaps the best in the world for an astronomical 
observatory, and will return shortly. He is making visual and photometric ob- 
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servations with a ten-inch telescope, and photographing the Milky Way witha 
Cook Anastigmat, using long exposures. A grant of one thousand dollars 
would permit this work to be coutinued for another year by his assistant, thus 
doubling the results obtained at a small additional expense. 


The Photographic Doublet of the Dominion Observatory 
By R. M. MOTHERWELL. 


The images produced by the Brashear eight-inch doublet were surrounded 
bya halo and a series of tests by the Hartmann method showed this to be due to 
spherical aberration. On the lens being retigured, by the kindness of the Brash- 
ear Company, the halo disappeared and it now gives small and sharply de- 
fined images with a widely extended field. Diagrams of the aberration at the 
normal separation of the front elements, at increased separations, as well as 
after refiguring, were given and photographs of the different types of images 
were shown. 


On the Photographs of Comet c 1908 (Morehouse) 
By E. E. BARNARD. 

About 350 photographs were obtained of this comet with the three lenses 
of the Bruce telescope of the Yerkes Observatory. These pictures cover essen- 
tially all the more remarkable phenomena of the comet during its visibility in 
these latitudes, including the extraordinary outbursts or changes that occurred 
on 1908 September 30 and October 15. The last photograph was obtained 
here on 1908 December 13, when the comet was close to the horizon. This 
picture shows the house and windmill in the foreground. The photograph of 
December 11 was one of the most remarkable of the entire set. The paper also 
dealt briefly with the possible cause of these extraordinary changes in the tail 
of the comet. 


Lack of Spectroscopic Evidence of a Dispersion of Light in Space 
By Epwin B. Frost. 


Examination of spectrograms of binaries at Yerkes Observatory gives no 
evidence of a difference of radial velocity for different wave lengths. Such an ef- 
fect would probably be marked by the accideutal errors of measurement. 

Precautions Necessary in Photographic Photometry 
By J. A. PARKHURST. 

Including the effects of developer, time, temperature, wave length of light 
used, thickness of film, curvature of plate, distance of star from axis, and at- 
mospheric absorption. 

The Width of Slit Giving Maximum Accuracy 
By J. S. PLASKETT. 

This paper was a continuation and conclusion of one with a similar title 
presented at the last meeting. It gave results for other instruments of the rel- 
ative errors of measurement of early type spectra at various slit widths. It is 
shown that more accordant and accurate values are obtained at a width of 
about 0.05 mm. than at either narrower or wider slits. Consequently consid- 
erable saving of exposure time over that usually given is possible. The bearing 
of these results on the proportions of the optical parts in spectrographs is also 
discussed. 

To be continued. 











